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SYNOPSIS 


This code covers the proper design and construction of buildings of 
reinforced concrete. It is written in such a form that it may be incorpo- 
rated verbatim or adopted by reference in a general building code, and 
earlier editions of it have been widely used in this manner. 

Among the subjects covered are: Quality of concrete; allowable 
stresses; mixing, placing, curing and cold weather protection of concrete; 
forms; cleaning, bending, placing, splicing and protection of reinforce- 
ment; construction joints; general design considerations; flexural com- 
putations; shear and diagonal tension; bond and anchorage; flat slabs; 
columns and walls; and footings. The quality and testing of materials 
used in the construction are covered by references to the appropriate 
A.S.T.M. standard specifications. 





*Adopted as a Standard of the American Concrete Institute atits 43rd Annual Convention, February 
25, 1947 as reported by Committee 318; ratified by Letter Ballot June 28, 1947 (with editorial corrections). 
tDeceased. 
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CHAPTER 1—GENERAL 


101—Scope 

(a) This code covers the use of reinforced concrete and plain concrete 
in any structure to be erected under the provisions of the general building 
code of which it forms a part. It is intended to supplement the provisions 
of the general code in order to provide for the proper design and con- 
struction of structures of these materials. In all matters pertaining to 
design and construction where this code is in conflict with other provi- 
sions of the general code, this code shall govern. 


102—Permits and drawings 

(a) Drawings and typical details of all reinforced concrete con- 
struction showing the size and position of all structural members, metal 
reinforcement, design strength of concrete, and the live load used in 
the design shall be filed with the building department as a permanent 
record before a permit to construct such work will be issued. All plans 
submitted for approval or use on the work shall clearly show the strength 
of concrete at a specified age for which all parts of the structure were 
designed. Calculations pertaining to the design shall be filed with the 
drawings when required by the Commissioner of Buildings. 


103—Special systems of reinforced concrete 

(a) The sponsors of any system of reinforced concrete which has 
been in successful use, or the adequacy of which has been shown by test, 
and the design of which is either in conflict with, or not covered by these 
regulations shall have the right to present the data on which their de- 
sign is based to a “Board of Examiners for Special Construction” ap- 
pointed by the Commissioner of Buildings. This Board shall be com- 
posed of competent engineers, architects and builders, and shall have 
the authority to investigate the data so submitted and to formulate rules 
governing the design and construction of such systems. These rules 
when approved by the Commissioner of Buildings shall be of the same 
force and effect as the provisions of this code. 


104—Definitions 

(a) The following terms are defined for use in this code: 

Aggregate, fine—Natural sand, or sand prepared from stone, blast 
furnace slag or gravel, or, subject to the approval of the Commissioner 
of Buildings, other inert materials having similar characteristics. 

Aggregate, coarse—Crushed stone, gravel, blast furnace slag, or other 
approved inert materials of similar characteristics, or combinations 
thereof having hard, strong, durable pieces, free from adherent coatings. 


Column—An upright compression member the length of which ex- 
ceeds three times its least lateral dimension. 
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Column capital—An enlargement of the end of a reinforced concrete 
column designed and built to act as a unit with the column and flat 
slab. 

Column strip—A portion of a flat slab panel one-half panel in width 
consisting of the two adjacent quarter-panels on either side of the column 
center lines and extending through the panel in the direction of the span 
considered for bending. 

Combination column—A column in which a structural steel member, 
designed to carry the principal part of the load, is wrapped with wire 
and encased in concrete of such quality that some additional load may 
be allowed thereon. 

Composite column—A column in which a steel or cast-iron structural 
member is completely encased in concrete containing spiral and longitu- 
dinal reinforcement. 

Concrete—A mixture of portland cement, fine aggregate, coarse aggre- 
gate and water. 

Deformed bar—Reinforcing bars with closely spaced shoulders, lugs 
or projections formed integrally with the bar during rolling. Wire mesh 
with welded intersections not farther apart than twelve inches in the 
direction of the principal reinforcement and with cross wires not smaller 
than No. 10 W. & M. gage may be rated as a deformed bar. 


Drop panel—The structural portion of a flat slab which is thickened 
in the area surrounding the column or column capital. . 

Effective area of concrete—The area of a section which lies between 
the centroid of the tensile reinforcement and the compression face of the 
flexural member. 


Effective area of reinforcement—The area obtained by multiplying 
the right cross-sectional area of the reinforcement by the cosine of the 
angle between its direction and the direction for which the effectiveness 
is to be determined. 


Flat slab—A concrete slab reinforced in two or more directions, gen- 
erally without beams or girders to transfer the loads to supporting 
columns. 


Middle strip—A portion of a flat slab panel one-half panel in width, 
symmetrical about the panel center line and extending through the 
panel in the direction of the span considered for bending. 


Panel length—The distance along a panel side from center to center 
of columns of a flat slab. 


Pedestal—An upright compression member whose height does not 
exceed three times its least lateral dimension. 
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Plain concrete—Concrete without reinforcement, or reinforced only 
for shrinkage or temperature changes. 


Reinforced concrete—Concrete in which reinforcement other than that 
provided for shrinkage or temperature changes is embedded in such a 
manner that the two materials act together in resisting forces. 


Surface water—The water carried by the aggregate except that held 
by absorption within the aggregate particles themselves. 


105—A.S.T.M. Specifications cited in this code* 


The specifications of the American Society for Testing Materials re- 
ferred to in this code are listed below with their serial designation in- 
cluding the year of latest revision. They are declared to be a part of this 
code the same as if fully set forth elsewhere herein: 


A7-46 Standard Specifications for Steel for Bridges and Buildings 

Al15-39 Standard Specifications for Billet-Steel Bars for Coacrete Reinforce- 
ment 

A16-35 Standard Specifications for Rail-Steel Bars for Concrete Reinforcement 

A44-41 Standard Specifications for Cast Iron Pit-Cast Pipe for Water or Other 
Liquids 

A82-34 Standard Specifications for Cold-Drawn Steel Wire for Concrete Re- 
inforcement 

A160-39 Standard Specifications for Axle-Steel Bars for Concrete Reinforcement 

A185-37 Standard Specifications for Welded Steel Wire Fabric for Concrete Re- 
inforcement 

C31-44 Standard Method of Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field 

C33-46 Standard Specifications for Concrete Aggregates 

C39-44 Standard Method of Test for Compressive Strength of Molded Con- 
crete Cylinders 

C-42-44 Standard Methods of Securing, Preparing and Testing Specimens from 
Hardened Concrete for Compressive and Flexural Strengths 

C94-44 Standard Specifications for Ready-Mixed Concrete 

C130-42 Standard Specifications for Lightweight Aggregates for Concrete 

C150-46 Standard Specifications for Portland Cement 

C192-44T Tentative Method of Making and Curing Concrete Compression and 
| Flexure Test Specimens in the Laboratory 


*The A.S.T.M. specifications listed were the latest editions at the time this code was prepared. Since 
these a are frequently revised, generally in minor details only, the user of this code should 
irectly with the A.S.T.M. if it is desired to refer to the latest editions. 


check 


ee 
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CHAPTER 2—MATERIALS AND TESTS 
200—Notation 


D = Deflection of a floor member under load test relative to the 
ends of the span L. 
L = Span of member under load test (the shorter span of flat 
slabs and of floors supported on four sides). 
t = The total thickness or depth of a member under load test. 


201—Tests 


(a) The Commissioner of Buildings, or his authorized representative, 
shall have the right to order the test of any material entering into con- 
crete or reinforced concrete to determine its suitability for the purpose; 
to order reasonable tests of the concrete from time to time to determine 
whether the materials and methods in use are such as to produce concrete 
of the necessary quality; and to order the test under load of any portion 
of a completed structure, when conditions have been such as to leave 
doubt as to the adequacy of the structure to serve the purpose for which 
it is intended. 

(b) Tests of materials and of concrete shall be made in accordance 
with the requirements of the American Society for Testing Materials 
as noted elsewhere in this chapter. The complete records of such tests 
shall be available for inspection during the progress of the work and for 
two years thereafter, and shall be preserved by the engineer or architect 
for that purpose. 


202—Load tests 


(a) When a load test is required, the member or portion of the struc- 
ture under consideration shall be subject to a superimposed load equal 
to two times the live load plus one-half of the dead load. This load shall 
be left in position for a period of twenty-four hours before removal. If, 
during the test, or upon removal of the load, the member or portion of 
the structure shows evident failure, such changes or modifications as are 
necessary to make the structure adequate for the rated capacity shall be 
made; or else, where lawful, a lower rating may be established. The 
structure shall be considered to have passed the test if the maximum 
deflection at the end of the twenty-four hour period does not exceed the 
value of D as given in the following formula: 

ae 
12,000 ¢ 
in which all terms are expressed in the same units. 

(b) If the deflection exceeds the value of D as given in formula (1), 
the construction shall be considered to have passed the test if within 
twenty-four hours after the removal of the load the residual deflection 
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does not exceed either forty percent of the maximum deflection observed 
under load or sixty percent of that given by formula (1). Under no 
circumstances will the construction be considered acceptable if the 
deflection under load exceeds three times that given by the formula. 


203—Supervision 

(a) Concrete work shall be supervised preferably by the engineer or 
architect responsible for its design, or by a competent representative 
responsible to him. A record shall be kept of such supervision, which 
record shall cover the quality and quantity of concrete materials, the 
mixing and placing of the concrete, the placing of the reinforcing steel 
and the general progress of the work. When the temperature falls below 
40 degrees F’, a complete record of the temperatures and of the protection 
given to the concrete while curing shall be kept. This record shall be 
available for inspection during the progress of the work and for two years 
thereafter and shall be preserved by the engineer or architect for that 
purpose. 


204—Portland cement 


(a) Portland cement shall conform to the ‘Standard Specifications 
for Portland Cement” (A.S.T.M. Designation: C150). 


205—Concrete aggregates 


(a) Concrete aggregates shall conform to the “Standard Specifica- 
tions for Concrete Aggregates” (A.S.T.M. Designation: C33), or to the 
“Standard Specifications for Lightweight Aggregates for Concrete’’ 
(A.8.T.M. Designation: C130), except that aggregates failing to meet 
these specifications but which have been shown by special test or actual 
service to produce concrete of the required quality may be used under 
Section 302(a) Method 2, where authorized by the Commissioner of 
Buildings. 

(b) The maximum size of the aggregate shall be not larger than one- 
fifth of the narrowest dimension between sides of the forms of the member 


for which the concrete is to be used nor larger than three-fourths of the 
minimum clear spacing between reinforcing bars. 


206—Water 


(a) Water used in mixing concrete shall be clean, and free from in- 
jurious amounts of oils, acids, alkalis, organic materials, or other deleteri- 
ous substances. 


207—Metal reinforcement 


(a) Reinforcing bars shall conform to the requirements of the ‘‘Stand- 
ard Specifications for Billet-Steel Bars for Concrete Reinforcement’ 
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(A.8S.T.M. Designation: A15), “Standard Specifications for Rail-Steel 
Bars for Concrete Reinforcement” (A.8.T.M. Designation: A16), or 
“Standard Specifications for Axle-Steel Bars for Concrete Reinforcement” 
(A.S.T.M. Designation: A160). 

(b) Cold-drawn wire or welded wire fabric for concrete reinforce- 
ment shall conform to the requirements of the “Standard Specifications 
for Cold-Drawn Steel Wire for Concrete Reinforcement” (A. 8. T. M. 
Designation: A82), or “Standard Specifications for Welded Steel Wire 
Fabric for Concrete Reinforcement” (A.8.T.M. Designation: A185). 

(c) Structural steel shall conform to the requirements of the “Stand- 
ard Specifications for Steel for Bridges and Buildings’ (A.S.T.M. 
Designation: A7). 

(d) Cast-iron sections for composite columns shall conform to the 
“Standard Specifications for Cast Iron Pit-Cast Pipe for Water and Other 
Liquids” (A.8.T.M. Designation: A44). 
208—Storage of materials 

(a) Cement and aggregates shall be stored in such a manner as to 
prevent deterioration or intrusion of foreign matter. Any material 


which has deteriorated or which has been damaged shall not be used for 
concrete. 
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CHAPTER 3—CONCRETE QUALITY AND ALLOWABLE STRESSES 
300—Notation 


f. = Compressive unit stress in extreme fiber of concrete in flexure. 
f’, = Compressive strength of concrete at age of 28 days unless other- 
wise specified. 


f, = Compressive unit stress in the metal core of a composite column. 

f. = Tensile unit stress in longitudinal reinforcement; nominal 
allowable stress in vertical column reinforcement. 

f. = Tensile unit stress in web reinforcement. 

n = Ratio of modulus of elasticity of steel to that of concrete. 


u = Bond stress per unit of surface area of bar. 
v = Shearing unit stress. 
v. = Shearing unit stress permitted on the concrete. 


301—Concrete quality 


(a) For the design of reinforced concrete structures, the value of 
f’. used for determining the allowable stresses as stipulated in Section 305 
shall be based on the specified minimum 28-day compressive strength of 
the concrete, or on the specified minimum compressive strength at the 
earlier age at which the concrete may be expected to receive its full load, 
All plans, submitted for approval or used on the job, shall clearly show 
the assumed strength of concrete at a specified age for which all parts of 
the structure were designed. 


(b) No concrete exposed to the action of freezing weather shall have a 
water content exceeding six gallons per sack of cement. 
302—Methods for determining strength of concrete 


(a) The determination of the proportions of cement, aggregate and 
water to attain the required strengths shall be made by one of the 
following methods: 


Method 1—Concrete made from average materials: 


per sack of cement shall not exceed the values in Table 302(a). Method 2 shall be em- 


When no preliminary tests of the materials to be used are made, the water content 
ployed when artificial aggregates or admixtures are used. | 


TABLE 302(a)}—ASSUMED STRENGTH OF CONCRETE MIXTURES : 











Water content, U. S. gallons Assumed compressive strength 
per 94-lb. sack of cement at 28 days, psi 
7% 2000 
6% 2500 
6 3000 
5 | 3750 





Nore—In interpreting this table, surface water carried by the aggregate must be included as part of 
the mixing water in computing the water content. 
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Method 2—Controlled concrete: 


Water content other than shown in Table 302(a) may be used provided that the 
strength-quality of the concrete proposed for use in the structure shall be established 
by tests which shall be made in advance of the beginning of operations, using the con- 
sistencies suitable for the work and in accordance with the ‘Tentative Method of 
Making and Curing Concrete Compression and Flexure Test Specimens in the Lab- 
oratory” (A.8.T.M. Designation: C192) and with the “Standard Method of Test for 
Compressive Strength of Molded Concrete Cylinders (A.S.T.M. Designation: C39). A 
curve representing the relation between the water content and the average 28-day com- 
pressive strength or earlier strength at which the concrete is to receive its full working 
load, shall be established for a range of values including all the compressive strengths 
called for on the plans. 


The curve shall be established by at least three points, each point representing average 
values from at least four test specimens. The maximum allowable water content for 
the concrete for the structure shall be as determined from this curve and shall correspond 
to a strength which is fifteen percent greater than that called for on the plans. No 
substitutions shall be made in the materials used on the work without additional tests 
in accordance herewith to show that the quality of the concrete is satisfactory. 


303—Concrete proportions and consistency 


(a) The proportions of aggregate to cement for any concrete shall be 
such as to produce a mixture which will work readily into the corners 
and angles of the forms and around reinforcement with the method of 
placing employed on the work, but without permitting the materials to 
segregate or excess free water to collect on the surface. The combined 
aggregates shall be of such composition of sizes that when separated on 
the No. 4 standard sieve, the weight passing the sieve (fine aggregate) 
shall not be less than thirty percent nor greater than fifty percent of the 
total, except that these proportions do not necessarily apply to light- 
weight aggregates. 


(b) The methods of measuring concrete materials shall be such that 
the proportions can be accurately controlled and easily checked at any 
time during the work.* Measurement of materials for ready mixed 
concrete shall conform to the ‘Standard Specifications for Ready-Mixed 
Concrete” (A.8S.T.M. Designation: C94). 


304—Tests on concrete 


(a) The Commissioner of Buildings may require a reasonable number 
of tests to be made during the progress of the work. Not less than three 
specimens shall be made for each test, nor less than one test for each 250 
cu yd of conerete. Specimens shall be made and cured in accordance 
with the “Standard Method of Making and Curing Concrete Compres- 
sion and Flexure Test Specimens in the Field” (A.8.T.M. Designation: 
C31). \ Specimens shall be cured under laboratory conditions except when, 
in the opinion of the Commissioner of Buildings, there is a possibility of 





*Wherever practicable such measurement shall be by weight rather than by volume. 
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the air temperature falling below 40 F, he may require the specimens to be 
cured under field conditions. Specimens shall be tested in accordance 
with the “Standard Method of Test for Compressive Strength of Molded 
Concrete Cylinders” (A.8.T.M. Designation: C39). 

(b) The standard age of test shall be 28 days, but 7-day tests may be 
used provided that the relation between the 7- and 28-day strengths of 
the concrete is established by tests for the materials and proportions used. 


(c) If the average strength of the laboratory control cylinders for any 
portion of the structure falls below the compressive strength required by 
the design, the Commissioner of Buildings shall have the right to order a 
change in the proportions or the water content of the concrete for the 
remaining portions of the structure. If the average strength of the 
cylinders cured on the job falls below the required strength, the Com- 
missioner of Buildings shall have the right to require changes in the con- 
ditions of temperature and moisture necessary to secure the required 
strength. 

(d) In addition, where there is question as to the quality of the con- 
crete in the structure, the Commissioner of Buildings may require tests in 
accordance with the ‘Standard Methods of Securing, Preparing and 
Testing Specimens from Hardened Concrete for Compressive and Flexural 
Strengths’, (A.S.T.M. Designation: C42) or order load tests as outlined 
in Section 202 for that portion of the structure where the questionable 
concrete has been placed. 


305—Alllowable unit stresses in concrete 

(a) The unit stresses in pounds per square inch on concrete to be 
used in the design shall not exceed the values of Table 305(a) where f’. 
equals the minimum specified compressive strength at 28 days, or at the 
earlier age at which the concrete may be expected to receive its full load. 
306—Alllowable unit stresses in reinforcement 

Unless otherwise provided in this Code, steel for concrete reinforcement 
shall not be stressed in excess of the following limits: 

(a) Tension 

(f. = Tensile unit stress in longitudinal reinforcement) 

and (f, = Tensile unit stress in web reinforcement) 

20,000 psi for Rail-Steel Concrete Reinforcement Bars, Billet-Steel 
Concrete Reinforcement Bars of intermediate and hard grades, 
Axle-Steel Concrete Reinforcement Bars of intermediate and 
hard grades, and Cold-Drawn Steel Wire for Concrete Reinforce- 
ment. 

18,000 psi for Billet-Steel Concrete Reinforcement Bars of ‘struc- 
tural grade, and Axle-Steel Concrete Reinforcement Bars of 
structural grade. 
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_ TABLE 305(a)}—-ALLOWABLE UNIT STRESSES IN CONCRETE 





Allowable unit stresses 








| 

| For any 

| strength of | For strength of concrete shown below 
concrete in | 





Description | accordance |————, — ———, - 
| with Section | | 
302 | | xt = fe = | f'e = f'e = 
30000 | 2000 2500 3000 | “3750 
n= —— | psi psi psi psi 
fe ln = 15 n=12\n=10\n =8 
| 
Flexure: fe 
Extreme fiber stress in compression . Se | O0.45f' « 900 1125 1350 | 1688 
Extreme fiber stress in tension in plain « con- 
ORO Edie 6 o'er Ric b> Sede | fe | 0.03f'. 60 75 90 113 
Shear: » (as a measure of diagonal tension) 
Beams with no web reinforcement and with- 
out ene anchorage of longitudinal 
RR Fey PR eg ba ve | 0.02f'- 40 50 60 | 75 
Beams with no web reinforcement but with 
special anchorage of longitudinal steel . . . ve | 0.03f'. 60 75 90 113 
Beams with properly designed web reinforce-| 
ment but without special anchorage of! 
longitudinal steel. | ® 0.06f' « 120 | 150 180 225 
Beams with pro erly designed ‘web ‘reinforce- | | 
ment and with special anchorage of longi- 
tk ae v 0.12f'¢ | 240 300 360 450 
*Flat slabs at distance d from edge of column } 
capital or drop panel. ..... te | 0.03’. 60 75 90 113 
**Footings : ; | De | 0.03f" ¢ | 60 75 75 75 
} but not | 
| to exceed 
75 psi | 
Bond: | 
In venie and slabs: 
Plain Bars. . u 0.04f'- | 80 100 120 150 
| but not 
to exceed 
160 psi 
Deformed Bars u 0.05f". 100 125 150 188 


but not 
to exceed 
200 psi 


In beams and slabs and one-way footings: 
Plain bars (hooked) 4 u | 0.06f'. 120 150 180° | 200 
but not | 
to exceed 
200 psi 


Deformed bars (hooked) u 0.075f'. 150 188 225 
but not 
to exceed 
250 psi 


In two-way footings: | 
Plain bars (hooked) u 0.045f'e 90 113 135 | 160 i 

| but not 
| to exceed 

160 psi 


Deformed bars (hooked) u 0.056f"e | 112 140 168 200 
| but not 
| to exceed 
200 psi | 
Bearing: fe | 
On full area. . Si 0.25f" « 500 625 750 938 
On one-third area or lesst. . Je | O.375f/’e | 750 938 1125 1405 
*See Section 807. **See Section 905(a) and 808(a). 


}The allowable bearing stress on an area greater than one-third but less than the full area shall be inter- 
polated between the values given. 
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(b) Tension in one-way slabs of not more than 12 feet span 
(f, = Tensile unit stress in main reinforcement). 

For the main reinforcement, *% inch or less in diameter, in one-way 
slabs, 50 percent of the minimum yield point specified in the Standard 
Specifications of the American Society for Testing Materials for the 
particular kind and grade of reinforcement used, but in no case to exceed 
30,000 psi. 

(c) Compression, vertical column reinforcement 

(f. = Nominal allowable stress in vertical column reinforcement). 


Forty percent of the minimum yield point specified in the Standard 
Specifications of the American Society for Testing Materials for the 
particular kind and grade of reinforcement used, but in no case to exceed 
30,000 psi. 

(f; = Allowable unit stress in the metal core of composite and 
combination columns): 


ee ack aa pwese bveceresens 16,000 psi 
ENS Sn ee ea eer aE 10,000 psi 
SS See limitations of Section 1106(b) 


(d) Compression, flecural members 
For compression reinforcement in flexural members see Section 706(b). 
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CHAPTER 4—MIXING AND PLACING CONCRETE 

401—Preparation of equipment and place of deposit 

(a) Before placing concrete, all equipment for mixing and trans- 
porting the concrete shall be cleaned, all debris and ice shall be removed 
from the spaces to be occupied by the concrete, forms shall be thor- 
oughly wetted (except in freezing weather) or oiled, and masonry filler 
units that will be in contact with concrete shall be well drenched (ex- 
cept in freezing weather), and the reinforcement shall be thoroughly 
cleaned of ice or other coatings. 


(b) Water shall be removed from place of deposit before concrete is 
placed unless otherwise permitted by the Commissioner of Buildings. 


402—Mixing of concrete 


(a) Unless otherwise authorized by the Commissioner of Buildings, 
the mixing of concrete shall be done in a batch mixer of approved type. 

(b) The concrete shall be mixed until there is a uniform distribution 
of the materials and shall be discharged completely before the mixer 
is recharged. 


(c) For job mixed concrete, the mixer shall be rotated at a speed 
recommended by the manufacturers and mixing shall be continued for 
at least one minute after all materials are in the mixer. A longer mixing 
period may be required for mixers larger than one cubic yard capacity. 

(d) Ready-mixed concrete shall be mixed and delivered in accord- 


ance with the requirements set forth in the “Standard Specifications for 
Ready-Mixed Concrete” (A.8.T.M. Designation: C94). 


403—Conveying 


(a) Concrete shall be conveyed from the mixer to the place of final 


deposit by methods which will prevent the separation or loss of the 
materials. 


(b) Equipment for chuting, pumping and pneumatically conveying 
concrete shall be of such size and design as to insure a practically con- 


tinuous flow of concrete at the delivery end without separation of the 
materials. 


404—Depositing 

(a) Concrete shall be deposited as nearly as practicable in its final 
position to avoid segregation due to rehandling or flowing. The con- 
creting shall be carried on at such a rate that the concrete is at all times 
plastic and flows readily into the spaces between the bars. No concrete 
that has partially hardened or been contaminated by foreign materials 
shall be deposited on the work, nor shall retempered concrete be used. 

(b) When concreting is once started, it shall be carried on as a con- 
tinuous operation until the placing of the panel or section is completed. 
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The top surface shall be generally level. When construction joints are 
necessary, they shall be made in accordance with Section 508. 


- (c) All concrete shall be thoroughly compacted by suitable means 
during the operation of placing, and shall be thoroughly worked around 
the reinforcement and embedded fixtures and into the corners of the 
forms. Vibrators may be used to aid in the placement of the concrete 
provided they are used under experienced supervision, and the forms 
are designed to withstand their action. 

(d) Where conditions make compacting difficult, or where the rein- 
forcement is congested, batches of mortar containing the same propor- 
tions of cement to sand as used in the concrete, shall first be deposited in 
the forms to a depth of at least one inch. 


405—Curing 


(a) In all concrete structures, concrete made with normal portland 
cement shall be maintained in a moist condition for at least the first 
seven days after placing and high-early-strength concrete shall be so 
maintained for at least the first three days. 


406—Cold weather requirements 


(a) Adequate equipment shall be provided for heating the concrete 
materials and protecting the concrete during freezing or near-freezing 
weather. No frozen materials or materials containing ice shall be used. 


(b) All concrete materials and all reinforcement, forms, fillers and 
ground with which the concrete is to come in contact, shall be free from 
frost. Whenever the temperature of the surrounding air is below 40 
degrees Fahrenheit, all concrete when placed in the forms shall have a 
temperature of between 60 and 90 degrees Fahrenheit and shall be main- 
tained at a temperature of not less than 50 degrees Fahrenheit for at 
least 72 hours for normal concrete or 24 hours for high-early-strength 
concrete, or for as much more time as is necessary to insure proper rate of 
curing of the concrete. The housing, covering or other protection used 
in connection with curing shall remain in place and intact at least twenty- 
four hours after the artificial heating is discontinued. No dependence 
shall be placed on salt or other chemicals for the prevention of freezing. 
Manure, when used for protection, shall not be allowed to come into 
contact with the concrete. 
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CHAPTER 5—FORMS AND DETAILS OF CONSTRUCTION 
501—Design of forms 


(a) Forms shall conform to the shape, lines, and dimensions of the 
members as called for on the plans, and shall be substantial and suffici- 
ently tight to prevent leakage of mortar. They shall be properly braced 
or tied together so as to maintain position and shape. 


502—Removal of forms 


(a) Forms shall be removed in such manner as to insure the complete 
safety of the structure. Where the structure as a whole is supported on 
shores, the removable floor forms, beam and girder sides, column and 
similar vertical forms may be removed after twenty-four hours, provided 
the concrete is sufficiently hard not to be injured thereby. In no case 
shall the supporting forms or shoring be removed until the members 
have acquired sufficient strength to support safely their weight and the 
load thereon. The results of suitable control tests may be used as 
evidence that the concrete has attained such sufficient strength. 


503—Pipes, conduits, etc., embedded in concrete* 


(a) Pipes which will contain liquid, gas or vapor at other than room 
temperature shall not be embedded in concrete necessary for structural 
stability or fire protection. Drain pipes and pipes whose contents will 
be under pressure greater than atmospheric pressure by more than one 
pound per square inch shall not be embedded in structural concrete 
except in passing through from one side to the other of a floor, wall or 
beam. Electric conduits and other pipes whose embedment is allowed 
shall not, with their fittings, displace that concrete of a column on which 
stress is calculated or which is required for fire protection, to greater 
extent than four per cent of the area of the cross section. Sleeves or other 
pipes passing through floors, walls or beams shall not be of such size or in 
such location as unduly to impair the strength of the construction; such 
sleeves or pipes may be considered as replacing structurally the displaced 
concrete, provided they are not exposed to rusting or other deterioration, 
are of uncoated iron or steel not thinner than standard wrought-iron 
pipe, have a nominal inside diameter not over two inches, and are spaced 
not less than three diameters on centers. Embedded pipes or conduits 
other than those merely passing through, shall not be larger in outside 
diameter than one-third the thickness of the slab, wall or beam in which 
they are embedded; shall not be spaced closer than three diameters 
on centers, nor so located as unduly to impair the strength of the con- 
struction. Circular uncoated or galvanized electric conduit of iron or 
steel may be considered as replacing the displaced concrete. 


*Since this section was adopted a number of concrete floors have been built with pipes embedded for 
radiant heating which is prohibited by this section. The Committee is studying the problem for the purpose 
of revising the requirements to permit the safe use of such pipes in structural concrete. 
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504—Cleaning and bending reinforcement 

(a) Metal reinforcement, at the time concrete is placed, shall be 
free from rust scale or other coatings that will destroy or reduce the 
bond. Bends for stirrups and ties shall be made around a pin having a 
diameter not less than two times the minimum thickness of the bar. 
Hooks shall conform to the requirements of Section 906. Bends for other 
bars shall be made around a pin having a diameter not less than six times 
the minimum thickness of the bar, except that for bars larger than one 
inch, the pin shall be not less than eight times the minimum thickness of 
the bar. All bars shall be bent cold. 


505—Placing reinforcement 

(a) Metal reinforcement shall be accurately placed and adequately 
secured in position by concrete or metal chairs and spacers. The mini- 
mum clear distance between parallel bars shall be one and one-half times 
the diameter for round bars and twice the side dimension for square bars. 
If special anchorage as required in Section 903 is provided, the minimum 
clear distance between parallel bars shall be equal to the diameter for 
round bars and one and one-half times the side dimension for square bars. 
In no case shall the clear distance between bars be less than 1 in., nor 
less than one and one-third times the maximum size of the coarse aggre- 
gate. Where reinforcement in beams or girders is placed in two or more 
layers, the clear distance between layers shall be not less than 1 in., and 
the bars in the upper layers shall be placed directly above those in the 
bottom layer. 


(b) When wire or other reinforcement, not exceeding one-fourth inch 
in diameter is used as reinforcement for slabs not exceeding ten ft. in 
span, the reinforcement may be curved from a point near the top of the 
slab over the support to a point near the bottom of the slab at mid- 
span; provided such reinforcement is either continuous over, or securely 
anchored to the support. 


506—Splices in reinforcement 

(a) In slabs, beams and girders, splices of reinforcement at points 
of maximum stress shall generally be avoided. Splices shall provide 
sufficient lap to transfer the stress between bars by bond and shear. The 
clear distance between bars shall also apply to the clear distance between 
a contact splice and adjacent contact splices or bars. 


(b) Splices in the reinforcement of columns are specified in Section 
1103(c). 


507—Concrete protection for reinforcement 

(a) The reinforcement of footings and other principal structural 
members in which the concrete is deposited against the ground shall 
have not less than three inches of concrete between it and the ground 
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contact surface. If concrete surfaces after removal of the forms are to be 
exposed to the weather or be in contact with the ground, the reinforce- 
ment shall be protected with not less than two inches of concrete for 
bars more than 5 inch in diameter and one and one-half inches for bars 
5% inch or less in diameter. 


(b) The concrete protective covering for reinforcement at surfaces 
not exposed directly to the ground or weather shall be not less than 
three-fourths inch for slabs and walls; and not less than one and one-half 
inches for beams, girders and columns. In concrete joist floors in which 
the clear distance between joists is not more than thirty inches, the pro- 
tection of reinforcement shall be at least three-fourths inch. 

(c) If the general code of which this Code forms a part specifies, as 
fire-protective covering of the reinforcement, thicknesses of concrete 
greater than those given in this section, then such greater thicknesses 
shall be used. 

(d) Concrete protection for reinforcement shall in all cases be at least 
equal to the diameter of round bars, and one and one-}alf times the side 
dimension of square bars. 


(e) Exposed reinforcement bars intended for bonding with future 
extensions shall be protected from corrosion by concrete or other 
adequate covering. 


508—Construction joints 


(a) Joints not indicated on the plans shall be so made and located 
as to least impair the strength of the structure. Where a joint is to be 
made, the surface of the concrete shall be thoroughly cleaned and all 
laitance removed. In addition to the foregoing, vertical joints shall be 
thoroughly wetted, and slushed with a coat of neat cement grout im- 
mediately before placing of new concrete. 


(b) At least two hours must elapse after depositing concrete in the 
columns or walls before depositing in beams, girders, or slabs supported 
thereon. Beams, girders, brackets, column capitals, and haunches shall 
be considered as part of the floor system and shall be placed monoli- 
thically therewith. 

(c) Construction joints in floors shall be located near the middle of 
the spans of slabs, beams, or girders, unless a beam intersects a girder 
at this point, in which case the joints in the girders shall be offset a 
distance equal to twice the width of the beam. In this last case provision 
shall be made for shear by use of inclined reinforcement. 














. 
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CHAPTER 6—DESIGN—GENERAL CONSIDERATIONS 
600—Notation 
f’. = Compressive strength of concrete at age of 28 days, unless 
otherwise specified. 


n = Ratio of modulus of elasticity of steel to that of con- 
crete = 3 ; assumed as equal to — F 
E. rs. 
601—Assumptions 


(a) The design of reinforced concrete members shall be made with 
reference to allowable stresses and safe loads. The accepted theory of 
flexure as applied to reinforced concrete shall be applied to all members 
resisting bending. The following assumptions shall be made: 


1. The steel takes all the tensile stress. 


2. In determining the ratio n for design purposes, the modulus 
of elasticity for the concrete shall be assumed as 1000 f’., and that 
for steel as 30,000,000 p.s.i. 


602—Design loads 


(a) The provisions for design herein specified are based on the as- 
sumption that all structures shall be designed for all dead- and live- 
loads coming upon them, the live-loads to be in accordance with the 
general requirements of the building code of which this forms a part, with 
such reductions for girders and lower story columns as are permitted 
therein. 


603—Resistance to wind forces 


(a) The resisting elements in structures required to resist wind forces 
shall be limited to the integral structural parts. 


(6) The moments, shears, and direct stresses resulting from wind 
forces determined in accordance with recognized methods shall be 
added to the maximum stresses which obtain at any section for dead- 
and live-loads. 


(c) In proportioning the component parts of the structure for the 
maximum combined stresses, including wind stresses, the unit stresses 
shall not exceed the stresses allowed for combined live- and deadloads 
only by more than one-third. The structural members and their connec- 
tions shall be so proportioned as to provide suitable rigidity of structure. 
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CHAPTER 7—FLEXURAL COMPUTATIONS 
700—Notation 

b = Width of rectangular flexural member or width of flanges for 
T and J sections. 

b’ = Width of web in 7 and J flexural members. 

d = Depth from compression face of beam or slab to centroid of 
longitudinal tensile reinforcement; the diameter of a round 
bar or side of a square bar. 


E = The modulus of elasticity of concrete in compression. 

h = Unsupported length of a column. 

I = Moment of inertia of a section about the neutral axis for 
bending. 

K = The stiffness factor, that is, the moment of inertia divided 


by the span. 


l = Span length of slab or beam. 


l’ = Clear span for positive moment and shear and the average of 
the two adjacent clear spans for negative moment (See Section 
701). 

t; = Minimum total thickness of slab. 

w = Uniformly distributed load per unit of length of beam or 


per unit area of slab. 


701—General requirements 


(a) All members of frames or continuous construction shall be de- 
signed to resist at all sections the maximum moments and shears pro- 
duced by dead load, live load and wind load, as determined by the theory 
of elastic frames in which the simplified assumptions of Section 702 may, 
be used. 


(6b) Approximate methods of frame analysis are satisfactory for 
buildings of usual types of construction, spans and story heights. 

(c) In the case of two or more approximately equal spans (the larger 
of two adjacent spans not exceeding the shorter by more than 20 per 
cent) with loads uniformly distributed, where the unit live load does 
not exceed three times the unit dead load, design for the following 
moments and shears is satisfactory: 


Positive moment at center of span 


, l 9 
| PP Tere re ee eee Pee > Sis eee — wl’? 
] 


; er 
Rebate BNO: 8 8 aS RS Ss HDS eee — wl’? 














mm. 
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Negative moment at exterior face of first interior support 


SRE TS ROUSSE SSS ge a ee 5 wl’? 
Ne RS Feil deiciss @ 0 cc os a 7 wl’? 
Negative moment at other faces of interior supports .......... “ wl’? 


Negative moment at face of all supports for, (a) slabs 
with spans not exceeding ten feet, and (b) beams 
and girders where ratio of sum of column stiffnesses 


a rs wl’? 
Shear in end members at first interior support................ 1.15 “ 
wl’ 


Shear at other supports 


702—Conditions of design* 
(a) Arrangement of live load 


1. The live load may be considered to be applied only to the floor 
under consideration, and the far ends of the columns may be assumed 
as fixed. 


2. Consideration may be limited to combinations of dead load on 
all spans with full live load on two adjacent spans and with full live 
load on alternate spans. 


(b) Span length 

1. The span length, J, of members that are not built integrally with 
their supports shall be the clear span plus the depth of the slab or beam 
but shall not exceed the distance between centers of supports. 

2. In analysis of continuous frames, center to center distances, | and 
h, may be used in the determination of moments. Moments at faces 
of supports may be used for design of beams and girders. 

3. Solid or ribbed slabs with clear spans of not more than ten feet 
that are built integrally with their supports may be designed as con- 
tinuous slabs on knife edge supports with spans equal to the clear spans 
of the slab and the width of beams otherwise neglected. 


(c) Stiffness 


1. The stiffness, K, of a member is defined as EJ divided by I or hf. 


*Chapter 7 deals with floor members only. For moments in columns see Section 1108. __ 
+tWhere displacements are involved the absolute value of K should be used. For members with a constant 
cross-section the absolute value of K equals 4Z/ /l. 
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2. In computing the value of J of slabs, beams, girders, and columns, 
the reinforcement may be neglected. In T-shaped sections allowance 
shall be made for the effect of flange. 


3. Any reasonable assumption may be adopted as to relative stiffness 


of columns and of floor system. The assumption made shall be consistent 
throughout the analysis. 


(d) Haunched Floor Members 


1. When members are widened near the supports; the additional 
width may be neglected in computing moments, but may be considered 
as resisting the resulting moments and shears. 

2. When members are deepened near the supports, they may be 
analyzed as members of constant depth provided the minimum depth 
only is considered as resisting the resulting moments; otherwise an 
analysis taking into account the variation in depth is required. In any 
case, the actual depth may be considered as resisting shear. . 


(e) Limitations 


1. Wherever at any section positive reinforcement is indicated by 
analysis, the amount provided shall be not less than .005 b’d except in 
slabs of uniform thickness. (Use b instead of b’ for rectangular flexural 
members.) 

2. Not less than 0.005 b’d of negative reinforcement shall be provided 
at the outer end of all members built integrally with their supports. (Use 
b instead of b’ for rectangular flexural members. ) 

3. Where analysis indicates negative reinforcement along the full 
length of a span, the reinforcement need not be extended beyond the 
point where the required amount is 0.0025 b’d or less. (Use b instead of 
b’ for rectangular flexural members.) 


4. In slabs of uniform thickness the minimum amount of reinforce- 
ment in the direction of the span shall be: 


For structural, intermediate and hard grades and rail steel . .0.0025 bd 
For steel having a minimum yield point of 56,000 psi........ 0.002 bd 


703—Depth of beam or slab 


(a) The depth of the beam or slab shall be taken as the distance 
from the centroid of the tensile reinforcement to the compression face 
of the structural members. Any floor finish not placed monolithically 
with the floor slab shall not be included as a part of the structural mem- 
ber. When the finish is placed monolithically with the structural slab 
in buildings of the warehouse or industrial class, there shall be placed 
an additional depth of one-half inch over that required by the design 
of the member. 











PLP. 
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704—Distance between lateral supports 


(a) The clear distance between lateral supports of a beam shall not 
exceed thirty-two times the least width of compression flange. 


705—Requirements for T-beams 


(a) In T-beam construction the slab and beam shall be built in- 
tegrally or otherwise effectively bonded together. The effective flange 
width to be used in the design of symmetrical T-beams shall not exceed 
one-fourth of the span length of the beam, and its overhanging width 
on either side of the web shall not exceed eight times the thickness of 
the slab nor one-half the clear distance to the next beam. 

(b) For beams having a flange on one side only, the effective over- 
hanging flange width shall not exceed one-twelfth of the span length of 
the beam, nor six times the thickness of the slab, nor one-half the clear 
distance to the next beam. 


(c) Where the principal reinforcement in a slab which is considered 
as the flange of a T-beam (not a joist in concrete joist floors) is parallel 
to the beam, transverse reinforcement shall be provided in the top of 
the slab. This reinforcement shall be designed to carry the load on the 
portion of the slab required for the flange of the T-beam. The flange 
shall be assumed to act as a cantilever. The spacing of the bars shall not 
exceed five times the thickness of the flange, nor in any case eighteen 
inches. 

(d) Provision shall be made for the compressive stress at the support 
in continuous T-beam construction, care being taken that the provisions 
of Section 505 relating to the spacing of bars, and 404(d), relating to 
the placing of concrete shall be fully met. 


(e) The overhanging portion of the flange of the beam shall not be 
considered as effective in computing the shear and diagonal tension 
resistance of T-beams. 

(f) Isolated beams in which the T-form is used only for the purpose 
of providing additional compression area, shall have a flange thickness 
not less than one-half the width of the web and a total flange width not 
more than four times the web thickness. 


706—Compression steel in flexural members 

(a) Compression steel in beams or girders shall be anchored by ties 
or stirrups not less than 4% inch in diameter spaced not farther apart 
than 16 bar diameters, or 48 tie diameters. Such stirrups or ties shall be 
used throughout the distance where the compression steel is required. 


(b) The effectiveness of compression reinforcement in resisting bend- 
ing may be taken at twice the value indicated from the calculations 
assuming a straight-line relation between stress and strain and the 
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modular ratio given in Section 601, but not of greater value than the 
allowable stress in tension. 


707—Shrinkage and temperature reinforcement 
(a) Reinforcement for shrinkage and temperature stresses normal to 
the principal reinforcement shall be provided in floor and roof slabs 
where the principal reinforcement extends in one direction only. Such 
reinforcement shall provide for the following minimum ratios of rein- 
forcement area to concrete area bd, but in no case shall such reinforcing 
bars be placed farther apart than five times the slab thickness nor more 
than eighteen inches: 
Floor slabs where plain bars are used.................... 0.0025 
Floor slabs where deformed bars are used................ 0.002 
Floor slabs where wire fabric is used, having welded inter- 
sections not farther apart in the direction of stress than 


iene ONO i os ks SAE is BOR drs eee 0.0018 
Roof slabs where plain bars are used... ............6...4. 0.003 
Roof slabs where deformed bars are used................. 0.0025 


Roof slabs where wire fabric is used, having welded inter- 
sections not farther apart in the direction of stress than 
CUR IN pict nb cow c 4.40 oie eth bike a ee 0.0022 


708—Concrete joist floor construction 

(a) Concrete joist floor construction consists of concrete joists and 
slabs placed monolithically with or without burned clay or concrete 
tile fillers. The joists shall not be farther apart than thirty inches face 
to face. The ribs shall be straight, not less than four inches wide, or 
of a depth not more than three times the width. 

(b) When burned clay or concrete tile fillers, of material having a 
unit compressive strength at least equal to that of the designed strength 
of the concrete in the joists are used, and the fillers are so placed that the 
joints in alternate rows are staggered, the vertical shells of the fillers 
in contact with the joists may be included in the calculations involving 
shear or negative bending moment. No other portion of the fillers may 
be included in the design calculations. 

(c) The concrete slab over the fillers shall be not less than one and 
one-half inches in thickness, nor less in thickness than one-twelfth of 
the clear distance between joists. Shrinkage reinforcement shall be pro- 
vided in the slab at right angles to the joists as required in Section 707, 
substituting 4, (total thickness of slab) for d. 

(d) Where removable forms or fillers not complying with (b) are used, 
the thickness of the concrete slab shall not be less than one-twelfth of 
the clear distance between joists and in no case less than two inches. 
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Such slab shall be reinforced at right angles to the joists with at least 
the amount of reinforcement required for flexure, giving due considera- 
tion to concentrations, if any, but in no case shall the reinforcement be 
less than that required by Section 707, considering ¢, as the full thick- 
ness of the slab. 


(e) When the finish used as a wearing surface is placed monolithically 

with the structural slab in buildings of the warehouse or industrial class, 
the thickness of the concrete over the fillers shall be one-half inch greater 
than the thickness used for design purposes. 
(f) Where the slab contains conduits or pipes, the thickness shall not 
be less than one inch plus the total over-all depth of such conduits or 
pipes at any point. Such conduits or pipes shall be so located as not 
to impair the strength of the construction. 





(g) Shrinkage reinforcement shall not be required in the slab parallel 
to the joists. 


709—Floors with supports on four sides* 


(a) This construction, consisting of floors reinforced in two directions 
and supported on four sides, includes solid reinforced concrete slabs; 
concrete joists with fillers of hollow concrete units or clay tile, with or 
without concrete top slabs; and concrete joists with top slabs placed 
monolithically with the joists. The slab shall be supported by walls or 
beams on all sides and if not securely attached to supports, shall be rein- 
forced as specified in 709(b). 


(b) Where the slab is not securely attached to the supporting beams 
or walls, special reinforcement shall be provided at exterior corners in 
both the bottom and top of the slab. This reinforcement shall be pro- 
vided for a distance in each direction from the corner equal to 1/5 the 
longest span. The reinforcement in the top of the slab shall be parallel 
to the diagonal from the corner. The reinforcement in the bottom of the 
slab shall be at right angles to the diagonal or may be of bars in two direc- 
tions parallel to the sides of the slab. The reinforcement in each band 
shall be of equivalent size and spacing to that required for the maximum 
positive moment in the slab. 








(c) The slab and its supports shall be designed by approved methods 
which shall take into account the effect of continuity at supports, the 
ratio of length to width of slab and the effect of two-way action. 


fee ee ne Se 


(d) Inno case shall the slab thickness be less than 4 in. nor less than 
the perimeter of the slab divided by 180. The spacing of reinforcement 
shall be not more than 3 times the slab thickness and,the ratio of rein- 
forcement shall be at least 0.0025. 


*The requirements of this section are satisfied by either of the methods of design which follow this section. 
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METHOD 1 
Notation— 
L = Length of clear span 
I; = Length of clear span in the direction normal to L 
g = Ratio of span between lines of inflection to L in the direction of span L, when span L 
only is loaded. 
go: = Ratio of span between lines of inflection to Za in the direction of span In, when span La 
only is loaded. 
r= oL 
gil 
w = Total uniform load per sq. ft. : 
W = Total uniform load between opposite supports on slab strip of any width or total slab 
load on beam when considered as one-way construction. 
z = Ratio of distance from support to any section of slab or beam, to span L or In. 
B = Bending moment coefficient for one-way construction. 
C = Factor modifying bending moments prescribed for one-way construction for use in pro- 


portioning the slabs and beams in the direction of L of slabs supported on four sides. 
C. = Ratio of the shear at any section of a slab strip distant +L from the support to the total 
load W on the strip in direction of L. : 
Cs = Ratio of the shear at any section of a beam distant zL from the support to the total load 
W on the beam in the direction of L. 
Wi, C1, Cai, Co1, are corresponding values of W, C, Cs, Co, for slab strip or beam in direction of Zh. 
(a) Lines of inflection for determination of r—The lines of inflection shall be determined by elastic 
analysis of the continuous structure in each direction, when only the span under considera- 
tion is loaded. ; 

When the - som L or Ly is at least 2/3 and at most 3/2 of the adjacent continuous span or 
spans, the values of g or gi may be taken as 0.87 for exterior spans and 0.76 for interior 
spans. (See Fig. 1). : 

For spans discontinuous at both ends, g or g: shall be taken as unity. 
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(b) Bending moments and shear—Bending moments shall be determined in each direction with the 
\ coefficients prescribed for one-way construction in Sections 701 and 702 and modified by 
factor C or Ci from Tables 1 or 2. 
| In L Direction In Ja Direction 
B.M. for slab strip M = CBWL M = CiBWilh 
B.M. for beam M = (1-C)BWL M, = (1-Ci) BWilh 
When the coefficients prescribed in 701(c) are used, the average value of Cw or Cww for the 
two spans adjacent to a support shall be used in determining the negative bending moment 
at the face of the support. 
TABLE 1—SLABS 
j Upper figure Ca i elk ail cide 5 a 
Lower figure Ca | C1 
’ 1 V Values of s x | 
r r 0.0 rf ° te 3 | 4 | : 
4 —ss Se a a es - - 7S 4 = 
0.00 50 .40 30 20 10 .00 
o 00 00 | .00 00 00 00 
; 50 44 .36 27 18 9 .89 5 
4 2.00 06 .03 02 00 00 | .06 
; 55 43 .33 .23 15 07 2 
i 1.82 07 .04 02 01 | 00 -O8 
60 41 30 20 12 | 05 = Sea 
; 1.67 09 05 03 01 | 00 .10 
H 65 39 .28 18 10 | 04 64 J 
4 1.54 11 .06 03 ol | .00 13 
. EE a re _ — -_— | —— — _ -_ 
70 37 26 16 09 .03 58 
; 1.43 13 08 04 Ol 00 | 15 
| Cote 8 SEE Bt SOM RE Se, Te eee ‘ aa j a 
| 80 33 22 07 02 48 
: 1.25 17 10 06 02 00 21 
r eee eee ae 
* 90 -29 19 11 05 O01 40 
' 1.11 -21 13 07 03 .O1 27 
i 1.00 -25 16 09 04 Ol 33 
é 1.00 125 16 09 04 01 33 
© ee = questa —— Gutees ilitants i - — - 
' 1.10 21 13 .07 .03 O1 28 
' 91 .29 19° 11 05 01 .39 
: SSS. ae —— = So . | = 
: 1.20 18 ll 06 02 .00 23 
' 83 32 21 13 06 02 45 
' 1.30 16 10 05 02 00 19 ' 
4 77 34 .23 14 07 03 1 I 
1 40 | 13 -O8 04 02 .00 16 
71 37 25 16 09 .03 .57 ‘ 
‘| SERRE EE Se Se Tene : * 
Li 1.50 ll .07 04 O01 .00 14 
; 67 39 -27 17 10 04 61 
1. 60 .10 .06 03 01 00 12 
: 63 40 29 19 11 05 66 
1.80 07 04 02 01 | 00 a “tae 
q 55 43 33 23 15 o7 | 79 
2.00 .06 03 02 | .00 .00 06 
F 50 44 36 27 | 18 09 89 
* co 00 00 00 .00 00 .00 
: 0.00 50 40 30 .20 10 | 1.00 
7 —_———- | —_ =. Oe — ! - 
§ 
: 
é 
i? 
| 
) 
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The shear at any section distant rL or xl, from supports shall be determined by modifying 
the total load on the slab strip or beam by the factors Cs, Ce, Co or Co: taken from Tables 1 


or 2. 


In L Direction In Li Direction 
Shear for Slab Strip V CW Vi CaWi 
Shear for Beam V Cow Vi CoWi 


For spans where the end moments are unbalanced, shear values at any section shall be 
adjusted in accordance with Sections 701 and 702. 








(c) Arrangement of reinforcement: 
1. In any panel, the area of reinforcement per unit width in the long direction shall be at 
least one-third that provided in the short direction. 
2. The area of positive moment reinforcement adjacent to a continuous edge only and 
for a width not exceeding one-fourth of the shorter dimension of the panel may be reduced 
25 per cent. 
3. At a non-continuous edge the area of negative moment reinforcement per unit width 
shall be at least one-half of that required for maximum positive moment. 
TABLE 2—BEAMS 
, . ae heaps Pa) | 
Upper figure OC» | 1-C 
Lower figure Cn | 1-C; 
1 Values of x | 
" r 
r | —_ 0.0 Jl 2 | 3 4 | 
0.00 00 00 | 00 | 00 .00 00 
Bo ag Ds 50 | 40 | 30 | 20 10 1.00 
50 | .06 | .04 03 | 02 ree ll 
| 2.00 | mui 37 | .28 20 | 10 94 
55 | 07 | .07 07 05 | 03 | 24 
| 1.82 | 43 .36 28 19 10 | .92 
60 | | .09 | 10 we | .08 | 05 Sy 
| 1.67 | 1 | . a7 19 10 | .90 
| - - 
65 | ll | 12 12 10 06 .36 
1.54 | 34 . 19 10 87 
70 | 13 | 14 14 11 07 42 
| 1.43 | 37 | 33 CO 260 «| 19 10 85 
—_" . | | = 2 
} 
.80 17 | 18 | A? | 413 08 52 
1.25 | 33 | 0°. 4 . 18 .10 79 
90 | i ae 21 I+ oe 15 | 09 .60 
| eae 29 .27 23 | 17 .09 73 
™ = - es aR 
1.00 | 25 24 21 16 | 09 67 
| 1.00 25 .24 21 7 .09 .67 
1.10 29 .27 23 17 | .09 72 
| 1 21 21 19 15 | .09 61 
‘ies = " - - . ana 
1.20 | 32 29 24 .18 | 10 77 
.83 18 19 17 14 | O08 55 
1.30 | 4 .30 25 18 10 31 
77 .16 17 16 13 07 49 
1.40 | .37 32 .26 18 10 84 
71 13 15 14 11 O07 43 
1.50 | .39 .33 .26 19 .10 86 
| .67 11 13 13 .10 06 .39 
1.60 40 34 27 19 10 8S 
.63 10 ll 11 09 05 34 
1.80 | 43 .36 28 19 10 92 
55 07 .07 07 05 03 21 
200 | 44 .37 28 .20 10 94 
NO 06 04 03 02 O1 ll 
o | 50 40 0 .20 10 1.00 
| 0.00 00 00 00 00 00 00 
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METHOD 2 


Notation— 


C = Moment coefficient for two-way slabs as given in Table 3 

m = Ratio of short span to leng span for two-way sla’ 

S = of short span for two-way slabs 
The span shall be considered as the center-to-center distance between supports or the 
clear span plus twice the thickness of slab, whichever value is the smaller. 

w = Total uniform load per sq. ft. 


(a) Seek two-way slab shall be considered as consisting of strips in each direction as 
ollows: 


A middle strip one-half panel in width, symmetrical about panel center line and 
extending through the panel in the direction in which moments are considered. 


A column strip one-half panel in width, occupying the two quarter-panel areas out- 
side the middle strip. 


Where the ratio of short to long span is less than 0.5, the middle strip in the short 
direction shall be considered as having a width equal to the difference between the long 
and short span, the remaining area representing the two column strips. 


_ The critical sections for moment calculations are referred to as principal design seo- 
tions and are located as follows: 


ue negative moment, along the edges of the panel at the faces of the supporting 
ms. 


For positive moment, along the center lines of the panels. 
‘ 
(6) Bending Moments—The bending moments for the middle strips shall be computed from the 


form 
M = CuwS? 


The average moments P onl foot of width in the column strip shall be two-thirds of the cor- 
responding moments in the middle strip. In determining the spacing of the reinforcement 
in the column strip, the moment may be assumed to vary from a maximum at the edge of the 
middle strip to a minimum at the edge of the panel. 

Where the negative moment on one side of a emnpert is less than 80 per cent of that on the 
other side, two-thirds of the difference shall be distributed in proportion to the relative 

-stiffnesses of the slabs. 


TABLE 3—MOMENT COEFFICIENTS 
































Short span 
Long 
Moments Values of m open, 
a 
1.0 0.9 0.8 0.7 0.6 0.5 values 
and less| of m 
Case 1—Interior panels 
Negative moment at— 
tinuous edge .033 .040 .048 055 .063 .083 .033 
Discontinuous edge | —— —— —— — — ao 
Positive moment at midspan .025 .030 -036 041 -047 .062 .025 
Case 2—One edge discontinuous 
Negative moment at— 
tinuous edge .041 .048 .055 -062 .069 .085 .041 
Discontinuous edge 021 | .024 | .027 | .031 | .035 | .042 021 
Positive moment at midspan .031 .036 041 .047 -052 .064 031 
Case 3—T wo edges discontinuous . 
Negative moment at— 
tinuous edge .049 .057 .064 .071 .078 .090 .049 
i tinuous edge 025 .028 .032 -036 -039 045 .025 
Positive moment at midspan .037 .043 .048 .054 .059 .068 .037 
Case 4—Three edges discontinuous 
Negative moment at— 
tinuous edge .058 .066 .074 -082 -090 098 -058 
Discontinuous edge 3 .029 .033 .037 041 .045 .049 .029 
Positive moment at midspan .044 .050 .056 .062 .068 .074 .044 
Case 5—Four edges discontinuous 
Negative moment at— 
ntinuous edge —_ —_— —_ —_ — —— 
Discontinuous edge | 033 | .038 | .043 | .047 053 | .055 033 
Positive moment at midspan .050 .057 .064 .072 .080 .083 .050 
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(c) Shear—The shearing stresses in the slab may be computed on the assumption that the load is 
distributed to the supports in accordance with (d). 

(d) Supporting Beams—The loads on the supporting beams for a two-way rectangular panel may 
be assumed as the load within the tributary areas of the panel bounded by the intersection 
of 45-degree lines from the corners with the median line of the panel parallel to the long side. 

The bending moments may be determined approximately by using an equivalent uniform 
load per lineal foot of beam for each panel supported as follows: 





For the short span, ws 


»S 2 
For the long span, > a 


710—Maximum spacing of principal slab reinforcement 


(a) In slabs other than concrete joist floor construction or flat slabs, 
the principal reinforcement shall not be spaced farther apart than three 
times the slab thickness, nor shall the ratio of reinforcement be less 
than specified in Section 707(a). 








SP ee 


a ee 
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CHAPTER 8—SHEAR AND DIAGONAL TENSION 
800—Notation 
A, = Total area of web reinforcement in tension within a distance 
of s (measured in a direction parallel to that of the main 
reinforcement), or the total area of all bars bent up in any 


one plane. 
a = Angle between inclined web bars and axis of beam. 
b = Width of rectangular flexural member or width of flange for 


T and I sections. 
b’ = Width of web in T and I flexural members. 
d = Depth from compression face of beam or slab to centroid of 
longitudinal tensile reinforcement. 
f’. = Compressive strength of concrete at age of 28 days unless 
otherwise specified. 


f, = Tensile unit stress in web reinforcement. 

j = Ratio of distance between centroid of compression and cen- 
troid of tension to the depth d. 

s = Spacing of stirrups or of bent bars in a direction parallel to 


that of the main reinforcement. 

te = Thickness of flat slab without drop panels, or the thickness 
of flat slab through the drop panels where such are used. 

t; = Thickness of flat slab (with drop panels) at points outside 

. the drop panel. 

v Shearing unit stress. 

V = Total shear. 

V’ = Excess of the total shear over that permitted on the concrete. 


801—Shearing unit stress 

(a) The shearing unit stress v, as a measure of diagonal tension, 
in reinforced concrete flexural members shall be computed by formula 
(12): 

EO 
bjd 

(b) For beams of I or T section, b’ shall be substituted for b in formula 
(12). 

(c) In concrete joist floor construction, where burned clay or con- 
crete tile are used, b’ may be taken as a width equal to the thickness of 
the concrete web plus the thicknesses of the vertical shells of the con- 
crete or burned clay tile in contact with the joist as in Section 708(b). 


(d) When the value of the shearing unit stress computed by formula 
(12) exceeds the shearing unit stress v, permitted on the concrete of an 
unreinforced web (see Section 305), web reinforcement shall be provided 
to carry the excess. 
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802—Types of web reinforcement 
(a) Web reinforcement may consist of: 

1. Stirrups or web reinforcement bars perpendicular to the 
longitudinal steel. 

2. Stirrups or web reinforcement bars welded or otherwise 
rigidly attached to the longitudinal steel and making an angle of 
30 degrees or more thereto. 

3. Longitudinal bars bent so that the axis of the inclined portion 
of the bar makes an angle of 15 degrees or more with the axis of the 
longitudinal portion of the bar. 

4. Special arrangements of bars with adequate provisions to 
prevent slip of bars or splitting of the concrete by the reinforcement 
(see Section 804(f) ). 

(b) Stirrups or other bars to be considered effective as web reinforce- 
ment shall be anchored at both ends, according to the provisions of 
Section 904. 


803—Stirrups 

(a) The area of steel required in stirrups placed perpendicular to 
the longitudinal reinforcement shall be computed by formula (13). 

NR Ate. ROL nm Re NM PETS) (13) 
fi.jd 

(b) Inclined stirrups shall be proportioned by formula (15) (Section 
804(d).) 

(c) Stirrups placed perpendicular to the longitudinal reinforcement 
shall not be used alone as web reinforcement when the shearing unit 
stress (v) exceeds 0.08f".. 
804—Bent bars 

(a) When the web reinforcement consists of a single bent bar or of a 
single group of bent bars the required area of such bars shall be computed 
by formula (14). 

Pp: 2 Crk ae came, La (14) 
fy, sin a 

(b) In formula (14) V’ shall not exceed 0.040 f’. bjd. 

(c) Only the center three-fourths of the inclined portion of such 
bar, or group of bars, shall be considered effective as web reinforcement. 

(d) Where there is a series of parallel bent bars, the required area 
shall be determined by formula (15). 

V's 


~ f.jd (sin a + cos a) 
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(e) When bent bars, having a radius of bend of not more than three 
times the diameter of the bar are used alone as web reinforcement, 
the allowable shearing unit stress shall not exceed 0.060 f’.. This shear- 
ing unit stress may be increased at the rate of 0.01 f’. for each increase 
of four bar diameters in the radius of bend until the maximum allowable 
shearing unit stress is reached. (See Section 305(a).) 


(f) The shearing unit stress permitted when special arrangements of 
bars are employed shall be that determined by making comparative 
tests, to destruction, of specimens of the proposed system and of similar 
specimens reinforced in conformity with the provisions of this code, the 
same factor of safety being applied in both cases. 


805—Combined web reinforcement 

(a) Where more than one type of reinforcement is used to reinforce 
the same portion of the web, the total shearing resistance of this portion 
of the web shall be assumed as the sum of the shearing resistances com- 
puted for the various types separately. In such computations the shear- 
ing resistance of the concrete shall be included only once, and no one 


type of reinforcement shall be assumed to resist more than a 


806—Spacing of web reinforcement 


(a) Where web reinforcement is required it shall be so spaced that 
every 45 degree line (representing a potential crack) extending from 
the mid-depth of the beam to the longitudinal tension bars shall be 
crossed by at least one line of web reinforcement. If a shearing unit 
stress in excess of 0.06 f’. is used, every such line shall be crossed by at 
least two such lines of web reinforcement. 


807—Shearing stress in flat slabs 

(a) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance ft, — 11% in. beyond the edge of the column capital 
and parallel or concentric with it, shall not exceed the following values 
when computed by formula (12) (in which d shall be taken ast2—1in.): 

1. 0.03 f’., when at least 50 percent of the total negative re- 
inforcement in the column strip passes directly over the column 
capital. 

2. 0.025 f’., when 25 percent or less of the total negative rein- 
forcement in the column strip passes directly over the column 
capital. 

3. For intermediate percentages, intermediate values of the 
shearing unit stress shall be used. 

(b) In flat slabs, the shearing unit stress on vertical sections which 
lie at a distance ¢; — 11% in. beyond the edge of the drop panel and 
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parallel with them shall not exceed 0.03 f’. when computed by formula 
(12) (in which d shall be taken as ¢t; — 11 in.). At least 50 percent of the 
cross-sectional area of the negative reinforcement in the column strip 
must be within the width of strip directly above the drop panel. 


808—Shear and diagonal tension in footings 


(a) In isolated footings the shearing unit stress computed by formula 
(12) on the critical section (see 1205(a)), shall not exceed 0.03 f’., nor in 
any case shall it exceed 75 psi. 
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CHAPTER 9—BOND AND ANCHORAGE 


900—Notation 
d = Depth from compression face of beam or slab to centroid of 
longitudinal tensile reinforcement. 
f’. = Compressive strength of concrete at age of 28 days unless 
otherwise specified. 
j = Ratio of distance between centroid of compression and cen- 
troid of tension to the depth d. 
xo = Sum of perimeters of bars in one set. 
u = Bond stress per unit of surface area of bar. 
V = Total shear. 


901—Computation of bond stress in beams 


(a) In flexural members in which the tensile reinforcement is parallel 
to the compression face, the bond stress at any cross section shall be 
computed by formula (16). 

V 


Lo jd 


“i= 





in which V is the shear at that section. 


(b) Adequate end anchorage shall be provided for the tensile rein- 
forcement in all flexural members to which formula (16) does not apply, 
such as sloped, stepped or tapered footings, brackets or beams in which 
the tensile reinforcement is not parallel to the compression face. 


902—Ordinary anchorage requirements 

(a) Tensile negative reinforcement in any span of a continuous, re- 
strained or cantilever beam, or in any member of a rigid frame shall be 
adequately anchored by bond, hooks or mechanical anchors in or through 
the supporting member. Within any such span every reinforcing bar, 
whether required for positive or negative reinforcement, shall be extended 
at least twelve diameters beyond the point at which it is no longer needed 
to resist stress. In cases where the length from the point of maximum 
tensile stress in the bar to the end of the bar is not sufficient to develop 
this maximum stress by bond alone, the bar shall be extended to such 
a point that with the addition of a standard hook (see Section 906(c) ), 
the maximum tensile unit stress can be developed. If preferred, the bar 
may be bent across the web at an angle of not less than 15 degrees with 
the longitudinal portion of the bar and made continuous with the rein- 
forcement which resists moment of opposite sign. 

(b) Of the positive reinforcement in continuous beams not less than 
one-fourth the area shall extend along the same face of the beam into the 
support a distance of ten or more bar diameters. Where extension of the 
reinforcement into the support a distance of ten or more bar diameters is 
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impracticable the bars shall be extended as far as possible into the support 
and terminated in standard hooks or other adequate anchorage. 


(c) In simple beams, or at the outer or freely supported ends of end 
spans of continuous beams, at least one-half the positive reinforcement 
shall extend along the same face of the beam into the support a distance 
of twelve or more bar diameters, or shall be extended as far as possible 
into the support and terminated in standard hooks. 


903—Special anchorage requirements 

(a) Where increased shearing or bond stresses are permitted because 
of the use of special anchorage (see Section 305), every bar except those 
specifically mentioned in Section 902(b), shall be terminated in a standard 
hook in a region of compression, or shall be bent across the web at an 
angle of not less than 15 degrees with the longitudinal portion of the bar 
and made continuous with the reinforcement resisting moment of opposite 
sign. 


904—Anchorage of web reinforcement 


(a) Single separate bars used as web reinforcement shall be anchored 
at each end by one of the following methods: 


1. Welding to longitudinal reinforcement. 


2. Hooking tightly around the longitudinal reinforcement 
through 180 degrees. 


3. Embedment above or below the mid-depth of the beam on 
the compression side, a distance sufficient to develop the stress to 
which the bar will be subjected at a bond stress of not to exceed 
.04 f’. on plain bars nor .05 f’, on deformed bars. 


4. Standard hook (see Section 906(a)), considered as developing 
10,000 psi, plus embedment sufficient to develop by bond the re- 
mainder of the stress to which the bar is subjected. The unit bond 
stress shall not exceed that specified in Table 305(a). The effective 
embedded length shall not be assumed to exceed the distance 
between the mid-depth of the beam and the tangent of the hook. 


(b) The extreme ends of bars forming simple U or multiple stirrups 
shall be anchored by one of the methods of Section 904(a) or shall be 
bent through an angle of at least 90 degrees tightly around a longitudinal 
reinforcing bar not less in diameter than the stirrup bar, and shall 
project beyond the bend at least twelve diameters of the stirrup bar. 


(c) The loops or closed ends of such stirrups shall be anchored by 
bending around the longitudinal reinforcement through an angle of at 
least 90 degrees, or by being welded or otherwise rigidly attached thereto. 
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(d) Hooking or bending stirrups or separate web reinforcement bars 
around the longitudinal reinforcement shall be considered effective only 
when these bars are perpendicular to the longitudinal reinforcement. 


(e) Longitudinal bars bent to act as web reinforcement shall, in a 
region of tension, be continuous with the longitudinal reinforcement. 
The tensile stress in each bar shall be fully developed in both the upper 
and the lower half of the beam by one of the following methods: 


1. As specified in Section 904(a) (3). 
2. As specified in Section 904(a) (4). 


3. By bond, at a unit bond stress not exceeding .04 f’. on plain 
bars nor .05 f’. on deformed bars, plus a bend of radius not less than 
two times the diameter of the bar, plus an extension of the bar, 
parallel to the upper or lower surface of the beam, of not less than 
twelve diameters of the bar terminating in a standard hook. This 
short radius bend extension and hook shall together not be counted 
upon to develop a tensile unit stress in the bar of more than 10,000 


psi. 


4. By bond, at a unit bond stress not exceeding .04 f’,. on plain 
bars nor .05 f’. on deformed bars, plus a bend of radius not less 
than two times the diameter of the bar, parallel to the upper or 
lower surface of the beam and continuous with the longitudinal 
reinforcement. The short radius bend and continuity shall together 
not be counted upon to develop a tensile unit stress in the bar of 
more than 10,000 psi. 


5. The tensile unit stress at the beginning of a bend may be 
increased from 10,000 psi when the radius of bend is two bar diam- 
eters, at the rate of 1,000 psi tension for each increase of 11% bar 
diameters in the radius of bend, provided that the length of the bar 
in the bend and extension is sufficient to develop this increased 
tensile stress by bond at the unit stresses given in Section 904(e) (3). 

(f) In all cases web reinforcement shall be carried as close to the 


compression surface of the beam as fireproofing regulations and the 
proximity of other steel will permit. * 


905—Anchorage of bars in footing slabs 


(a) All bars in footing slabs shall be anchored by means of standard 
hooks. The outer faces of these hooks shall be not less than three inches 
nor more than six inches from the face of the footing. 
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906—Hooks 


(a) The terms “hook” or “standard hook’ as used herein shall 
mean either 


1. A complete semicircular turn with a radius of bend on the 
axis of the bar of not less than three and not more than six bar 
diameters, plus an extension of at least four bar diameters at the 
free end of the bar, or 


2. A 90° bend having a radius of not less than four bar diameters 
plus an extension of twelve bar diameters. 


Hooks having a radius of bend of more than six bar diameters shall be 
considered merely as extensions to the bars, and shall be treated as in 
section 904(e) (5). 

(b) In general, hooks shall not be permitted in the tension portion of 
any beam except at the ends of simple or cantilever beams or at the 
freely supported ends of continuous or restrained beams. , 

(c) No hook shall be assumed to carry a load which would produce 
a tensile stress in the bar greater than 10,000 psi. 

(d) Hooks shall not be considered effective in adding to the com- 
pressive resistance of bars. 


(e) Any mechanical device capable of developing the strength of 
the bar without damage to the concrete may be used in lieu of a hook. 
Tests must be presented to show the adequacy of such devices. 
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CHAPTER 10—FLAT SLABS—WITH SQUARE OR 
RECTANGULAR PANELS 


1000—Notation 


A = The distance from the center line of the column, in the diree- 
tion of any span, to the intersection of a 45-degree diagonal 
line from the center of the column to the bottom of the flat 
slab or drop panel, where such line lies wholly within the 
column, capital, or bracket, provided such capital or bracket 
is structurally capable of resisting shears and moments with- 
out excessive unit stress. In no case shall A be greater than 
one-eighth the span in the direction considered. 


Aw = Average of the two values of A for the two columns at the 
ends of a column strip, in the direction of the spans con- 
sidered. 

c = Diameter or width of column capital at the under side of 


the slab or drop panel. No portion of the column capital 
shall be considered for structural purposes which lies out- 
side the largest right circular cone, with 90 degrees vertex 
angle, that can be included within the outlines of the column 
capital. 
L = Span length of slab center to center of columns in the direc- 
tion of which bending is considered. 
M, = Sum of the positive and the average negative bending 
moments at the critical design sections of a flat slab panel. 
See Section 1003(b). 
W = Total dead and live load uniformly distributed over a single 
panel area. 
Wa = The average of the total load on two adjacent panels. 
x = Coefficient of span L which gives the distance from the 
center of column to the critical section for negative bending 
in design according to Section 1002(a). 


1001—Scope 

(a) The term flat slab shall mean a reinforced concrete slab sup- 
ported by columns with or without flaring heads or column capitals, 
with or without depressed or drop panels and generally without beams or 
girders. 


(b) Recesses or pockets in flat slab ceilings, located between rein- 
forcing bars and forming cellular or two-way ribbed ceilings, whether 
left open or filled with permanent fillers, shall not prevent a slab from 
being considered a flat slab; but allowable unit stresses shall not be 
exceeded. 
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(c) This chapter provides for two methods of design of flat slab ' 
structures. ' 

1. Any type of flat slab construction may be designed by appli- 
vation of the principles of continuity, using the method outlined 
in Section 1002, or using other recognized methods of elastic analysis. 

In either case, the design must be subject to the provisions of Sec- 
tions 1005(a) and (c), 1006, 1008 and 1009. 

2. The common eases of flat slab construction deseribed in 
Section 1003 may be designed by the use of moment coefficients, 
given in Sections 1003 and 1004, and subject to the provisions of 
Sections 1005, 1006, 1007, 1008 and 1009. 


1002—Design of flat slabs as continuous frames 


(a) Except in the cases of flat slab construction where specified co- 
efficients for bending may be used, as provided in Section 1003, bending 

and shear in flat slabs and their supports shall be determined by- an 

analysis of the structure as a continuous frame, and all sections shall be 
proportioned to resist the moments and shears thus obtained. In the | 
analysis, the following assumptions may be made: 


1. The structure may be considered divided into a number of 
bents, each consisting of a row of columns and strips of supported 
slabs, each strip bounded laterally by the center line of the panel 
on either side of the row of columns. The bents shall be taken 
longitudinally and transversely of the building. 


2. Each such bent may be analyzed in its entirety; or each floor 
thereof and the roof may be analyzed separately with its adjacent 
columns above and below, the columns being assumed fixed at their 
remote ends. Where slabs are thus analyzed separately, in bents 
| more than four panels long, it may be assumed in determining the 
bending at a given support that the slab is fixed at any support 
two panels distant therefrom beyond which the slab continues. 


3. The joints between columns and slabs may be considered 
rigid and this rigidity may be assumed to extend in the slabs a dis- 
tance A from the center of the columns, and in the column to the 
intersection of the sides of the column and the 45 degree line de- 
fining A. The change in length of columns and slabs due to direct 
stress, and deflections due to shear, may be neglected. Where metal 
column capitals are used, account may be taken of their contributions 
to stiffness and resistance to bending and shear. 


4. The supporting columns may be assumed free from settle- 
ment or lateral movement unless the amount thereof can be reason- 
ably determined. 
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5. The moment of inertia of slab or column at any cross-section 
may be assumed to be that of the gross section of the concrete. 
Variation in the moments of inertia of the slabs and columns along 
their axes shall be taken into account. 


6. Where the load to be supported is definitely known, the 
structure shall be analyzed for that load. Where the live load is 
variable but does not exceed three-quarters of the dead load, or 
the nature of the live load is such that all panels will be loaded 
simultaneously, the maximum bending may be assumed to obtain 
at all sections under full live load. Elsewhere, maximum positive 
bending near mid-span of a panel may be assumed to obtain under 
full live load in the panel and in alternate panels; and maximum 
negative bending at a support may be assumed to obtain under full 
live load in the adjacent panels only. 


7. Where neither beams nor girders help to transfer the slab 
load to the supporting column, the critical section for negative 
bending may be assumed as not more than the distance rl from 
the column center, where 


x = 0.073 + 0.57 . "EE SSUES ESS eee el te a (17) 


In slabs supported by beams, girders, or walls, the critical section 
for negative bending shall be assumed at the face of such support. 

8. The numerical sum of the maximum positive and the aver- 
age maximum negative bending moments for which provision is 
made in the design in the direction of either side of a rectangular 
panel shall be assumed as not less than 


2 
I Wel (1 me ) BU i (18) 
i0 3L 


9. The bending at critical sections across the slabs of each bent 
may be apportioned between the column strip and middle strip, as 
defined in Section 1005, in the ratio of the specified coefficients 
which affect such apportionment in the special cases of flat slabs 
provided for in Section 1003. 

10. The maximum bending in columns may be assumed to obtain 
under full live load in alternate panels. Columns shall be pro- 
portioned to resist the maximum bending combined with the maxi- 
mum direct load consistent therewith; and for maximum direct load 
combined with the bending under full load, the direct load subject 
to allowable reductions. In computing moments in columns at any 
floor, the far ends of the columns may be considered fixed. 

(b) The foregoing provisions outline the method to be followed 
in analyzing and designing flat slabs in the general case. In all instances 
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the design must conform to the requirements for panel strips and critical 
design sections, slab thickness and drop panels, capitals and brackets, 
arrangement of reinforcement and openings in flat slabs, as provided 
in Sections 1005(a) and (c), 1006, 1008 and 1009. 


1003—Design of flat slabs by moment coefficients 
(a) In those cases of flat slab construction which fall within the 
following limitations as to continuity and dimensions, the bending 
moments at critical sections may be determined by the use of specified 
coefficients as provided in Section 1004. 
1. The ratio of length to width of panel does not exceed 1.33. 
2. The slab is continuous for at least three panels in each direc- 
tion. 
3. The successive span lengths in each direction differ by not 
more than twenty percent of the shorter span. 
(b) In such slabs, the numerical sum of the positive and negative 
bending moments in the direction of either side of an interior rectangular 
panel shall be assumed as not less than 


M, = 0.09 WL (: - =)’ UR (19) 
3L 


(c) Three-fourths of the width of the strip shall be taken as the width 
of the section in computing compression due to bending, except that, 
on a section through a drop panel, three-fourths of the width of the 
drop panel shall be taken. Account shall be taken of any recesses which 
reduce the compressive area. Tension reinforcement distributed over 
the entire strip shall be included in the computations. 

(d) The design of slabs under the procedure given in this section is 
subject to the provisions of all subsequent sections of this chapter 
(Sections 1004 to 1009). 


1004—Bending moment coefficients 

(a) The bending moments at the critical sections of the middle 
and column strips of an interior panel shall be assumed as given in 
Table 1004(a). 

(b) The bending moments at critical sections of strips, in an exterior 
panel, at right angles to the discontinuous edge, where the exterior 
supports consist of reinforced concrete columns or reinforced concrete 
bearing walls integral with the slab, the ratio of stiffness of the support 
to that of the slab being at least as great as the ratio of the live load to 
the dead load and not less than one, shall be assumed as given in Table 
1004(b). Where a flat slab is so supported by a wall providing restraint 
at the discontinuous edge, the coefficient for negative bending at the 
edge shall be assumed more nearly equal in the column and middle strips, 
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TABLE 1004(a)—BENDING MOMENTS IN INTERIOR FLAT SLAB PANEL 





With drop panel 


EE ree eee - Negative moment 0.50M, 
Positive moment 0.20M, 

as acs wn a wataige $4 O00 bre | Negative moment 0.15M, 
Positive moment | 0.15M, 

Without drop panel 

Nf Avice wv aie. 6 n0-0.6.8'600 os Negative moment 0.46M, 

| Positive moment 0.22M, 

RP re we eee ree Negative moment 0.16M, 
Positive moment 0.16M, 


TABLE 1004(b)—BENDING MOMENTS IN EXTERIOR FLAT SLAB PANEL 


With drop panel 


Ns vsaie,0 <n b.0 kek bs Exterior negative 0.45M, 
Positive moment 0.25M, 
Interior negative 0.55M, 
IME Tig 5 o.s 8 ous ca o% + 400-2 Exterior negative 0.10M, 
Positive moment 0.19M, 

| Interior negative 0.165M, 

Without drop panel 

I 20. o's, 5's bha'd-0 5.044 0 ade 88 Exterior negative 0.41M, 
Positive moment 0.28M, 
Interior negative 0.50M, 
rey ae | Exterior negative 0.10M, 
Positive moment 0.20M, 

Interior negative 0.176M, 


TABLE 1004(c)}—BENDING MOMENTS IN PANELS WITH MARGINAL BEAMS 
OR WALLS 


ae 
Marginal beams with | Marginal beams 
depth greater than 1144 | with depth 1% 


times the slab thick- | times the slab 
ness; or bearing wall. | thickness or less. 
(a) Load to be carried by | Loads directly superim- | Loads divectly 


marginal beam or wall posed upon it plus a | superimposed 
uniform load equal to | upon it exclusive 
one-quarter of the total | of any panel load. 


live and dead panel load. | 


With Without | 

drop drop 

(b) Moment fo be used in the | 

design of half column | Neg. | 0.125M, 0.115M, 0.25M, | 0.23M, 
strip adjacent and parallel 

to marginal beam or wall. | Pos. | 0.05M, | 0.055M, 


With Without 
drop drop 


0.10M, | 0.11M, 


(c) Negative moment to be 
used in design of middle | Neg. | 0.195M, | 0.208M, 
strip continuous across a 
beam or wall 


| 
| 
0.15M, | 0.16M, 





ot T_T 
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the sum remaining as given in Table 1004(b), but that for the column 
strip shal) not be less than 0.30 M,. Bending in middle strips parallel to a 
discontinuous edge, except in a corner panel, shall be assumed the same 
as in an interior panel. MM, shall be determined as provided in Section 
1003(b) for an interior panel. 

(c) The bending moments at critical sections of strips, in an exterior 
panel, at right angles to the discontinuous edge, where the exterior 
supports are masonry bearing walls or other construction which provide 
only negligible restraint to the slab, shall be assumed as given in Table 
1004(b) with the following modifications. 

1. On critical sections at the face of the exterior support, negative 
bending in each strip shall be assumed as 0.05 M,. 

2. The coefficients for positive bending shall be increased by 
forty percent. 

3. The coefficients for negative bending at the first intérior 
columns shall be increased thirty percent. 

(d) The bending moments in panels with marginal beams or walls, 
in the strips parallel and close thereto, and in the beams, shall be de- 
termined upon the basis of assumptions presented in Table 1004(c). 

(e) For design purposes any of the moment coefficients of Tables 
1004(a), 1004(b), and 1004(c) may be varied by not more than six 
percent, but the numerical sum of the positive and negative moments 
in a panel shall not be taken as less than the amount specified. 

(f) Panels supported by marginal beams on opposite edges shall be 
designed as solid one or two-way slabs to carry the entire panel load. 

(g) The ratio of reinforcement in any strip shall not be less than 
"0.0025. 


1005—Panel strips and critical design sections 


(a) A flat slab panel shall be considered as consisting of strips in 
each direction as follows: 

A middle strip one half panel in width, symmetrical about panel 
center line and extending through the panel in the direction of the 
span for bending. 

A column strip consisting of the two adjacent quarter-panels 
either side of the column center lines. 

(b) The critical sections for bending are located as follows: 

Sections for negative bending shall be taken along the edges of 
the panel, on column center lines between capitals and around the 
perimeters of column capitals. 

Sections for positive bending shall be taken at mid-span of the 
strips. 
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(c) Only the reinforcement which crosses a critical section within a 
strip may be considered effective to resist bending in the strip at that 
section. Reinforcement which crosses such section at an angle with 
the center-line of the strip shall be assumed to contribute to the re- 
sistance of bending only its effective area in the direction of the strip, 
as defined in Section 104. 


1006—Slab thickness and drop panels 


(a) The thickness of a flat slab and the size and thickness of the 
drop panel, where used, shall be such that the compressive stress due 
to bending at the critical sections of any strip and the shear about the 
column capital and the drop panel shall not exceed the unit stresses 
allowed in concrete of the quality used. 

(b) The shearing stresses in the slab outside the capital or drop panel 
shall be computed as provided in Section 807. 


(c) Slab thickness shall not, however, be less than 


L 
— with drop panels 
40 p Pp 


or 


L 
— without drop panels 
36 thes 


(d) The thickness of the drop panel below the slab shall not be more 
than one-fourth the distance from the edge of the column capital to the 
edge of the drop panel. 


1007—Capitals and brackets 

(a) Where a column is without a flaring concrete capital the distance c 
shall be taken as the diameter of the column. Structural metal embedded 
in the slab or drop panel may be regarded as contributing to resistance 
in bending and shear. 

(b) Where a reinforced concrete beam frames into a column without 
capital or bracket on the same side with the beam, the value of c may be 
taken as the width of the column plus twice the projection of the beam 
above or below the slab or drop panel for computing bending in strips 
parallel to the beam. 

(c) Brackets capable of transmitting the negative bending and the 
shear in the column strips to the columns without excessive unit stress 
may be substituted for column capitals at exterior columns. The value 
of c where brackets are used shall be taken as twice the distance from the 
center of the column to a point where the bracket is 11% inches thick, but 
not more than the thickness of the column plus twice the depth of the 
bracket. 
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(d) The average of the diameters c of the column capitals at the 
four corners of a panel shall be used in determining the bending in the 
middle strips of the panel. The average of the diameters c of the two 
column capitals at the ends of a column strip shall be used in determining 
bending in the strip. 


1008—Arrangement of reinforcement 


(a) Slab reinforcement shall be provided to resist the bending and 
bond stresses not only at critical sections, but also at intermediate 
sections. 

(b) Bars shall be spaced evenly across strips or bands and the spacing 
shall not exceed three times the slab thickness. 

(c) In exterior panels the reinforcement perpendicular to the dis- 
continuous edge for positive bending, shall extend to the edge and have 
embedment of at least six inches in spandrel beams, walls or columns. 
All such reinforcement for negative bending shall be bent, hooked or 
otherwise anchored in spandrel beams, walls or columns. 


1009—Openings in flat slabs 


Openings of any size may be cut through a flat slab if provision is 
made for the total positive and negative resisting moments, as required 
in Sections 1002 or 1003, without exceeding the allowable stresses as 
given in Sections 305 and 306. 








} 
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CHAPTER 11—REINFORCED CONCRETE COLUMNS AND WALLS 
1100—Notation 


A, = 


f. = 


f= 
f.= 
fp = 
f, = 


Area of core of a spirally reinforced column measured .to the 
outside diameter of the spiral; net area of concrete section 
of a composite column. 

The overall or gross area of spirally reinforced or tied 
columns; the total area of the concrete encasement of com- 
bination columns. 


Area of the steel or cast-iron core of a composite column; 
the area of the steel core in a combination column. 


Effective cross-sectional area of reinforcement in compres- 
sion in columns. 


Ratio of allowable concrete stress, f., in axially loaded col- 
umn to allowable fiber stress for concrete in flexure. 


9 


me a factor, usually varying from 3 to 9. (The term R 


as used here is the radius of gyration of the entire column 
section.) 


= The least lateral dimension of a concrete column.. 
= Eccentricity of the resultant load on a column, measured 


from the gravity axis. 
Yield point of pipe 

45,000 
Average allowable stress in the concrete of an axially loaded 
reinforced concrete column. 





(See Section 1106(b) ). 


Computed concrete fiber stress in an eccentrically loaded 
column. 

Compressive strength of concrete at age of 28 days, unless 
otherwise specified. 

Maximum allowable concrete fiber stress in an eccentrically 
loaded column. 

Allowable unit stress in the metal core of a composite 
column. 

Allowable unit stress on unencased steel columns and pipe 
columns. 


= Nominal allowable stress in vertical column reinforcement. 


ts 


=~ 
II 


Useful limit stress of spiral reinforcement. 
Unsupported length of column. 


= Least radius of gyration of a metal pipe section (in pipe 
columns). 
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30,000 
nN = 
f’ 
c 

N = Axial load applied to reinforced concrete column. 

p’ = Ratio of volume of spiral reinforcement to the volume of the 
concrete core (out to out of spirals) of a spirally reinforced 
concrete column. 

Pp, = Ratio of the effective cross-sectional area of vertical rein- 
forcement to the gross area A 4. 

P = Total allowable axial load on a column whose length does 
not exceed ten times its least cross-sectional dimension. 

P’ = Total allowable axial load on a long column. 

R = Least radius of gyration of a section. 

t = Overall depth of column section. 


1101—Limiting dimensions 

(a) The following sections on reinforced concrete and composite 
columns, except Section 1107(a), apply to a short column for which 
the unsupported length is not greater than ten times the least dimen- 
sion. When the unsupported length exceeds this value, the design 
shall be modified as shown in Section 1107(a). Principal columns in 
buildings shall have a minimum diameter of twelve inches, or in the 
case of rectangular columns, a minimum thickness of ten inches, and 
a minimum gross area of 120 sq in. Posts that are not continuous from 
story to story shall have a minimum diameter or thickness of six inches. 


1102—Unsupported length of columns : 

(a) For purposes of determining the limiting dimensions of columns, 
the unsupported length of reinforced concrete columns shall be taken 
as the clear distance between floor slabs, except that 


1. In flat slab construction, it shall be the clear distance between 
the floor and the lower extremity of the capital of the drop panel or 
the slab, whichever is least. 

2. In beam and slab construction, it shall be the clear distance 
between the floor and the under side of the deeper beam framing 
into the column in each direction at the next higher floor level. 


3. In columns restrained laterally by struts, it shall be the 
clear distance between consecutive struts in each vertical plane; 
provided that to be an adequate support, two such struts shall 
meet the column at approximately the same level, and the angle 
between vertical planes through the struts shall not vary more 
than 15 degrees from a right angle. Such struts shall be of adequate 
dimensions and anchorage to restrain the column against lateral 
deflection. 
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4. In columns restrained laterally by struts or beams, with 
brackets used at the junction, it shall be the clear distance be- 
tween the floor and the lower edge of the bracket, provided that the 
bracket width equals that of the beam or strut and is at least half 
that of the column. 


(b) For rectangular columns, that length shall be considered which 
produces the greatest ratio of length to depth of section. 
1103—Spirally reinforced columns 


(a) Allowable load—The maximum allowable axial load, P, on 
columns with closely spaced spirals enclosing a circular concrete core 
reinforced with vertical bars shall be that given by formula (20). 


ee secs Ra cect aievocscecees (20) 
Wherein 

A, = the gross area of the column 

f’. = compressive strength of the concrete 


nominal allowable stress in vertical column reinforcement, 
to be taken at forty percent of the minimum specification 
value of the yield point; viz., 16,000 psi for intermediate 
grade steel and 20,000 psi for rail or hard grade steel.* 

Py = ratio of the effective cross-sectional area of vertical reinforce- 
ment to the gross area, A. 


Pp 


(b) Vertical reinforcement—The ratio p, shall not be less than 0.01 
nor more than 0.08. The minimum number of bars shall be six, and 
the minimum diameter shall be 5 in. The center to center spacing of 
bars within the periphery of the column core shall not be less than 214 
times the diameter for round bars or three times the side dimension for 
square bars. The clear spacing between bars shall not be less than 
1% inches or 11% times the maximum size of the coarse aggregate used. 
These spacing rules also apply to adjacent pairs of bars at a lapped 
splice; each pair of lapped bars forming a splice may be in contact, but 
the minimum clear spacing between one splice and the adjacent splice 
should be that specified for adjacent single bars. 


(c) Splices in vertical reinforcement—Where lapped splices in the 
column verticals are used, the minimum amount of lap shall be as 
follows: 


1. For deformed bars—with concrete having a strength of 
3000 psi or above, twenty-four diameters of bar of intermediate 
grade steel and thirty diameters of bar of hard grade steel. For 


*Nominal allowable stresses for reinforcement of higher yield point may be established at forty poco 
of the yield pe stress, but not more than 30,000 psi., when the properties of such reinforcing steels have 
been definitely specified by standards of A.S.T.M. designation. If this is done, the lengths of splice required 
by Section 1103 (c) shall be increased accordingly. 
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bars of higher yield point, the amount of lap shall be increased in 
proportion to the nominal allowable stress. When the concrete 
strengths are less than 3000 psi, the amount of lap shall be one- 
third greater than the values given above. 


2. For plain bars—the minimum amount of lap shall be twenty- 
five percent greater than that specified for deformed bars. 

3. Welded splices or other positive connections may be used 
instead of lapped splices. Welded splices shall preferably be used 
in cases where the bar diameter exceeds 144 in. An approved 
welded splice shall be defined as one in which the bars are butted 
and welded and that will develop in tension at least the yield point 
stress of the reinforcing steel used. 





4. Where longitudinal bars are offset at a splice, the slope of the 
inclined portion of the bar with the axis of the column shall not 
exceed | in 6, and the portions of the bar above and below the off- 
set shall be parallel to the axis of the column. Adequate horizontal 
support at the offset bends shall be treated as a matter of design, 
and may be provided by metal ties, spirals or parts of the floor 
construction. Metal ties or spirals so designed shall be placed near 
(never more than 8 bar diameters from) the point of bend. The 
horizontal thrust to be resisted may be assumed as 1% times the 
horizontal component of the nominal stress in the inclined portion 
of the bar. 


Offset bars shall be bent before they are placed in the forms. No 
field bending of bars partially embedded in concrete shall be per- 
mitted. 


(d) Spiral reinforcement—The ratio of spiral reinforcement, p’, 
shall not be less than the value given by formula (21). 


p’ = 0.45 (4: — Ve Fey epee se eee uae eh ee tee (21) 
A. 7's 
Wherein 


; 


p’ = ratio of volume of spiral reinforcement to the volume of 
the concrete core (out to out of spirals). 

f’. = useful limit stress of spiral reinforcement, to be taken as 
40,000 psi for hot rolled rods of intermediate grade, 50,000 
psi for rods of hard grade, and 60,000 psi for cold drawn 
wire. 

The spiral reinforcement shall consist of evenly spaced continuous spirals 
held firmly in place and true to line by vertical spacers, using at least two 
for spirals 20 in. or less in diameter, three for spirals 20 to 30 in. in diam- 
eter and four for spirals more than 30 in. in diameter or composed of 
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spiral rods 54-in. or larger in size. The spirals shall be of such size and 
so assembled as to permit handling and placing without being distorted 
from the designed dimensions. The material used in spirals shall have a 
minimum diameter of 14 in. for rolled bars or No. 4 W. & M. gage for 
drawn wire. Anchorage of spiral reinforcement shall be provided by 114 
extra turns of spiral rod or wire at each end of the spiral unit. Splices, 
when necessary shall be made in spiral rod or wire by welding or by a lap of 
1% turns. The center to center spacing of the spirals shall not exceed 
one-sixth of the core diameter. The clear spacing between spirals shall not 
exceed 3 in. nor be less than 13% in. or 11% times the maximum size of 
coarse aggregate used. The reinforcing spiral shall extend from the floor 
level in any story or from the top of the footing in the basement, to the 
level of the lowest horizontal reinforcement in the slab, drop panel or 
beam above. In a column with a capital, it shall extend to a plane at 
which the diameter or width of the capital is twice that of the column. 

(e) Protection of reinforcement—The column reinforcement shall be 
protected everywhere by a covering of concrete cast monolithically 
with the core, for which the thickness shall not be less than 1% in. nor 
less than 1% times the maximum size of the coarse aggregate, nor shall 
it be less than required by the fire protection and weathering provisions 
of Section 507. 

(f) Isolated column with multiple spirals—In case two or more inter- 
locking spirals are used in a column, the outer boundary of the column 
shall be taken as a rectangle the sides of which are outside the extreme 
limits of the spiral at a distance equal to the requirements of Section 
1103(e). 

(g), Limits of section of column built monolithically with wall—For a 
spiral column built monolithically with a concrete wall or pier, the outer 
boundary of the column section shall be taken either as a circle at least 
11% in. outside the column spiral or as a square or rectangle of which the 
sides are at least 11% in. outside the spiral or spirals. 

(h) Equivalent circular columns—As an exception to the general 
procedure of utilizing the full gross area of the column section, it shall 
be permissible to design a circular column and to build it with a square, 
octagonal, or other shaped section of the same least lateral dimension. 
In such case, the allowable load, the gross area considered, and the 
required percentages of reinforcement shall be taken as those of the 
circular column. 


1104—Tied columns 

(a) Allowable load—The maximum allowable axial load on columns 
reinforced with longitudinal bars and separate lateral ties shall be 80 
per cent of that given by Formula (20). The ratio, p,, to be considered 
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in tied columns shall not be less than 0.01 nor more than 0.04. The 
longitudinal reinforcement shall consist of at least four bars, of mini- 
mum diameter of 54 inch. Splices in reinforcing bars shall be made as 
described in Section 1103 (c). The spacing requirements for vertical 
reinforcement in Section 1103 (b) shall also apply for all tied columns. 

(b) Laterial ties—Laterial ties shall be at least 4 in. in diameter and 
shall be spaced apart not over 16 bar diameters, 48 tie diameters or 
the least dimension of the column. When there are more than four 
vertical bars, additional ties shall be provided so that every longitudi- 
nal bar is held firmly in its designed position and has lateral support 
equivalent to that provided by a 90-degree corner of a tie. 

(c) Limits of column section—In a tied column which for architec- 
tural reasons has a larger cross section than required by considerations 
of loading, a reduced effective area, A,, not less than one-half of the 
total area may be used in applying the provisions of Section 1104 (a). 
1105—Composite columns 


(a) Allowable load—The allowable load on a composite column, con- 
sisting of a structural steel or cast-iron column thoroughly encased 
in concrete reinforced with both longitudinal and spiral reinforcement, 
shall not exceed that given by formula (22). 


PP we QE dls Bika oe: Rboicis otis ie ea (22) 

Wherein A, = net area of concrete section 
= A, — A, — A, 

A, = cross-sectional area of longitudinal bar reinforcement. 

A, = cross-sectional area of the steel or cast-iron core. 

f, = allowable unit stress in metal core, not to exceed 16,000 

psi for a steel core; or 10,000 psi for a cast-iron core. 

The remaining notation is that of Section 1103. 


(b) Details of metal core and reinforcement—The cross-sectional area 
of the metal core shall not exceed 20 percent of the gross area of the 
column. If a hollow metal core is used it shall be filled with concrete. 
The amounts of longitudinal and spiral reinforcement and the require- 
ments as to spacing of bars, details of splices and thickness of protective 
shell outside the spiral shall conform to the limiting values specified 
in Section 1103 (b), (ce), (d) and (e). A clearance of at least three inches 
shall be maintained between the spiral and the metal core at all points 
except that when the core consists of a structural steel H-column, the 
minimum clearance may be reduced to two inches. 

(c) Splices and connections of metal cores—Metal cores in composite 
columns shall be accurately milled at splices and positive provision shall 
be made for alignment of one core above another. At the column base, 
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provision shall be made to transfer the load to the footing at safe unit 
stresses in accordance with Section 305 (a). The base of the metal 
section shall be designed to transfer the load from the entire composite 
column to the footing, or it may be designed to transfer the load from 
the metal section only, provided it is so placed in the pier or pedestal 
as to leave ample section of concrete above the base for the transfer 
of load from the reinforced concrete section of the column by means of 
bond on the vertical reinforcement and by direct compression on the 
concrete. Transfer of loads to the metal core shall be provided for by 
the use of bearing members such as billets, brackets or other positive 
connections; these shall be provided at the top of the metal core and at 
intermediate floor levels where required. The column as a whole shall 
satisfy the requirements of formula (22) at any point; in addition to 
this, the reinforced concrete portion shall be designed to carry, in accord- 
ance with formula (20), all floor loads brought onto the column at levels 
between the metal brackets or connections. In applying formula (20), 
the value of A, shall be interpreted as the area of the concrete section 
outside the metal core, and the allowable load on the reinforced concrete 
section shall be further limited to 0.35 f’.A,. Ample section of concrete 
and continuity of reinforcement shall be provided at the junction with 
beams or girders. 

(d) Allowable load on metal core only——The metal cores of composite 
columns shall be designed to carry safely any construction or other 
loads to be placed upon them prior to their encasement in concrete. 
1106—Combination columns 

(a) Steel columns encased in concrete—The allowable load on a struc- 
tural steel column which is encased in concrete at least 2% inches thick 
over all metal (except rivet heads) reinforced as hereinafter specified, 
shall be computed by formula (23). 


1 
P = Ag |) ihe cto ae Sp ay Lekmiaen a1 (23) 
J 100 A, 


Wherein A, = cross-sectional area of steel column. 
f', = allowable stress for unencased steel column. 
A, = total area of concrete section. 


The concrete used shall develop a compressive strength, f’., of at least 
2000 psi at 28 days. The concrete shall be reinforced by the equivalent 
of welded wire mesh having wires of No. 10 W. and M. gage, the wires 
encircling the column being spaced not more than four inches apart and 
those parallel to the column axis not more than eight inches apart. This 
mesh shall extend entirely around the column at a distance of one inch 
inside the outer concrete surface and shall be lap-spliced at least forty 
wire diameters and wired at the splice. Special brackets shall be used 
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to receive the entire floor load at each floor level. The steel column shall 
be designed to carry safely any construction or other loads to be placed 
upon it prior to its encasement in concrete. 


(b) Pipe columns—The allowable load on columns consisting of 
steel pipe filled with concrete shall be determined by formula (24). 


P = 0.296/.A, + f’-A;...... Gr Teh NOT aerator, -.. (24) 

The value of f’, shall be given by formula (25). 
2 = 
f’ | 18,000 70) |e ¥¥ ies) | -.. (25) 
K 

Wherein f’, allowable unit stress in metal pipe. 

h unsupported length of column 

K least radius of gyration of metal pipe section. 


yield point of pipe. 
15,000 


PF 


If the yield point of the pipe is not known, the factor F shall be taken 
as 0.5. 
1107—Long columns 
(a) The maximum allowable load, 7’, on axially loaded reinforced 
concrete or composite columns having an unsupported length, A, greater 
than ten times the least lateral dimension, d, shall be given by formula 
(26). 
- h 
P p |i 03-1]. eS eae 
x d_ 
where P is the allowable axial load on a short column as given by sections 


1108, 1104 and 1105. 


The maximum allowable load, P’, on eccentrically loaded columns 


in which 4 exceeds ten shall also be given by formula (26), in which P is 
( 

the allowable eccentrically applied load on a short column as determined 

by the provisions of Sections 1109 and 1110. In long columns subjected 

to definite bending stresses, as determined in Section 1108, the ratio 

h 

F shall not exceed twenty. 


1108—Bending moments in columns 


(a) The bending moments in the columns of all reinforced concrete 
structures shall be determined on the basis of loading conditions and 
restraint and shall be provided for in the design. When the stiffness and 
strength of the columns are utilized to reduce moments in beams, girders, 
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or slabs, as in the case of rigid frames, or in other forms of continuous 
construction wherein column moments are unavoidable, they shall be 
provided for in the design. In building frames, particular attention shall 
be given to the effect of unbalanced floor loads on both exterior and in- 
terior columns and of eccentric loading due to other causes. In com- 
puting moments in columns, the far ends may be considered fixed. 
Columns shall be designed to resist the axial forces from loads on all 
floors, plus the maximum bending due to loads on a single adjacent span 
of the floor under consideration. 


Resistance to bending moments at any floor level shall be provided 
by distributing the moment between the columns immediately above 
and below the given floor in proportion to their relative stiffnesses and 
conditions of restraint. 


1109—Determination of combined axial and bending stresses 


(a) Ina reinforced concrete column, designed by the methods of this 
Chapter, which is (1) symmetrical about two perpendicular planes 
through its axis and (2) subject to an axial load, N, combined with 
bending in one or both of the planes of symmetry (but with the ratio of 
eccentricity to depth, e/t, no greater than 1.0 in either plane), the com- 
bined fiber stress in compression may be computed on the basis of 
recognized theory applying to uncracked sections, using formula (27). 

De 
nN) i+ = 
A, 

1 + (n —-1)p, 
Equating this calculated stress, f., to the allowable stress, f,, in formula 
(29) it follows that- the column can be designed for an equivalent axial 
load, P, as given by formula (28).* 


P =N E - =| Ss] SRO PS AS a a ee ea (28) 


: ee Ff 
When bending exists on both axes of symmetry, the quantity “ is to 


f = 








De sa eet 
be computed as the numerical sum of the > quantities in the two direc- 


tions. 


(b) For columns in which the load, N, has an eccentricity, e, greater 
than the column depth, ¢, or for beams subject to small axial loads, 
the determination of the fiber stress f, shall be made by use of recog- 
nized theory for cracked sections, based on the assumption that no ten- 


*For approximate or trial computations, D may be taken as eight for a circular spiral column and as 
five for a rectangular tied or spiral column. 
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sion exists in the concrete. For such cases the tensile steel stress shall 
also be investigated. 


1110—Allowable combined axial and bending stress 


(a) For spiral and tied columns, eccentrically loaded or otherwise 
subjected to combined axial compression and flexural stress, the maxi- 
mum allowable compressive stress, f,, is given by formula (29). 


1+ =~ 
t ¢ + me | 
‘] = a en = a Seen sage NS ae oe ee a en Oe oe we ee ee a he 29 
Is f | eDe j. | A+ Pe (29) 


Wherein the notation is that of Section 1103 and 1109, and, in addition 
f. is the average allowable stress in the concrete of an axially loaded 
reinforced concrete column, and C is the ratio of f, to the allowable 
0.225 f'. + Sie 4. 
1 + (n — 1)p, 





ber stress for members in flexure. Thus f, 


spiral columns and 0.8 of this value for tied columns, and C = _So ; 
0.45 f’. 

(b) For tied columns which are designed to withstand combined axial 
and bending stresses, the limiting total steel ratio of 0.04 prescribed in 
Section 1104 may be increased to 0.08, provided that the amount of steel 
spliced by lapping shall not exceed a steel ratio of 0.04 in any 3-ft. length 
of column. The size of the column designed under this provision shall 
in no case be less than that required to withstand axial load alone in 
accordance with Section 1104. 





1111—Wind stresses 


(a) When the allowable stress in columns is modified to provide for 
combined axial load and bending, and the stress due to wind loads is 
also added, the total shall still come within the allowable values speci- 


fied for wind loads in Section 603 (c). —, 


1112—Reinforced concrete walls 


(a) The allowable stresses in reinforced concrete bearing walls with 
minimum reinforcement as required by Section 1112(i), shall be 0.25f’. 
for walls having a ratio of height to thickness of ten or less, and shall 
be reduced proportionally to 0.15f’. for walls having a ratio of height to 
thickness of twenty-five. When the reinforcement in bearing walls is 
designed, placed and anchored in position as for tied columns, the allow- 
able stresses shall be on the basis of Section 1104, as for columns. In the 
case of concentrated loads, the length of the wall to be considered as 
effective for each shall not exceed the center to center distance between 
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loads, nor shall it exceed the width of the bearing plus four times the wall 
thickness. The ratio p, shall not exceed 0.04. 


(b) Walls shall be designed for any lateral or other pressure to which 
they are subjected. Proper provision shall be made for eccentric loads 
and wind stresses. In such designs the allowable stresses shall be as 
given in Section 305(a) and 603(c). 


(c) Panel and enclosure walls of reinforced concrete shall have a 
thickness of not less than five inches and not less than one thirtieth the 
distance between the supporting or enclosing members. 

(d) Bearing walls of reinforced concrete in building of fire-resistive 
construction shall be not less than six inches in thickness for the upper- 
most fifteen feet of their height; and for each successive twenty-five 
feet downward, or fraction thereof, the minimum thickness shall be 
increased one inch. In two-story dwellings the walls may be six inches 
in thickness throughout. 

(e) In buildings of non-fire-resistive construction bearing walls of 
reinforced concrete shall not be less than one and one-third times the 
thickness required for buildings of fire-resistive construction, except 
that for dwellings of two stories or less in height the thickness of walls 
may be the same as specified for buildings of fire-resistive construction. 


(f) Exterior basement walls, foundation walls, fire walls and party 
walls shall not be less than eight inches thick whether reinforced or not. 


(g) Reinforced concrete bearing walls shall have a thickness of at 
least one twenty-fifth of the unsupported height or width, whichever 
is the shorter; provided however, that approved buttresses, built-in 
columns, or piers designed to carry all the vertical loads, may be used in 
lieu of increased thickness. 


(h) Reinforced concrete walls shall be anchored to the floors, columns, 
pilasters, buttresses and intersecting walls with reinforcement at least 
equivalent to three-eighths inch round bars twelve inches on centers, for 
each layer of wall reinforcement. 


(i) Reinforced concrete walls shall be reinforced with an area of steel 
in each direction, both vertical and horizontal, at least equal to 0.0025 
‘ times the cross-sectional area of the wall, if of bars, and 0.0018 times the 
area if of electrically welded wire fabric.* The wire of the welded fabric 
shall be of not less than No. 10 W. & M. gage. Walls more than ten 
inches in thickness shall have the reinforcement for each direction placed 
in two layers parallel with the faces of the wall. One layer consisting 
of not less than one-half and not more than two-thirds the total required 
shall be placed not less than two inches nor more than one-third the 
thickness of the wall from the exterior surface. The other layer, com- 
prising the balance of the required reinforcement, shall be placed not 
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less than three-fourths inches and not more than one-third the thickness 
of the wall from the interior surface. Bars, if used, shall not be less than 
the equivalent of three-eighths inch round bars, nor shall they be spaced 
more than eighteen inches on centers. Welded wire* reinforcement for 
walls shall be in flat sheet form. 

(7) In addition to the minimum as prescribed in 1112(i) there shall 
be not less than two five-eighths inch diameter bars around all window 
or door openings. Such bars shall extend at least twenty-four inches 
beyond the corner of the openings. 

(k) Where reinforced concrete bearing walls consist of studs or \ribs 
tied together by reinforced concrete members at each floor level, the 
studs may be considered as columns, but the restrictions as tominimum 
diameter or thickness of columns shall not apply. 


*Expanded metal has been omitted until a specification can be formulated. 
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CHAPTER 12—FOOTINGS 
1201—Scope 


(a) The requirements prescribed in Sections 1202 to 1209 apply only 
to isolated footings. * 


1202—Loads and reactions 

(a) Footings shall be proportioned to sustain the applied loads and 
induced reactions without exceeding the allowable stresses as pre- 
scribed in Sections 305 and 306, and as further provided in Sections 1205, 
1206 and 1207. 


(b) In cases where the footing is concentrically loaded and the mem- 
ber being supported does not transmit any moment to the footing, com- 
putations for moments and shears shall be based on an upward reaction 
assumed to be uniformly distributed per unit area or per pile and a 
downward applied load assumed to be uniformly distributed over the 
area of the footing covered by the column, pedestal, wall, or metallic 
column base. 

(c) In cases where the footing is eccentrically loaded and/or the 
member being supported transmits a moment to the footing, proper 
allowance shall be made for any variation that may exist in the intens- 
ities of reaction and applied load consistent with the magnitude of the 
applied load and the amount of its actual or virtual eccentricity. 

(d) In the case of footings on piles, computations for moments and 
shears may be based on the assumption that the reaction from any 
pile is concentrated at the center of the pile. 


1203—Sloped or stepped footings 

(a) In sloped or stepped footings, the angle of slope or depth and 
location of steps shall be such that the allowable stresses are not ex- 
ceeded at any section. 

(b) In sloped or stepped footings, the effective cross-section in com- 
pression shall be limited by the area above the neutral plane. 

(c) Sloped or stepped footings shall be cast as a unit. 


1204—Bending moment 


(a) The external moment on any section shall be determined by 
passing through the section a vertical plane which extends completely 
across the footing, and computing the moment of the forces acting 
over the entire area of the footing on one side of said plane. 

(b) The greatest bending moment to be used in the design of an 
isolated footing shall be the moment computed in the manner prescribed 
in Section 1204 (a) at sections located as follows: 


*The committee is not prepared at this time to make recommendations for combined footings—these 
supporting more than one column or wall. 
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1. At the face of the column, pedestal or wall, for footings sup- 
porting a concrete column, pedestal or wall. 


2. Halfway between the middle and the edge of the wall, for 
footings under masonry walls. 


3. Halfway between the face of the column or pedestal and the 
edge of the metallic base, for footings under metallic bases. 


(c) The width resisting compression at any section shall be assumed 
as the entire width of the top of the footing at the section under con- 
sideration. 


(d) In one-way reinforced footings, the total tensile reinforcement at 
any section shall provide a moment of resistance at least equal to the 
moment computed in the manner prescribed in Section 1204(a); and 
the reinforcement thus determined shall be distributed uniformly across 
the full width of the section. 


(e) In two-way reinforced footings, the total tensile reinforcement 
at any section shall provide a moment of resistance at least equal to 
eighty-five percent of the moment computed in the manner prescribed 
in Section 1204(a); and the total reinforcement thus determined shall 
be distributed across the corresponding resisting section in the manner 
prescribed for square footings in Section 1204(f), and for rectangular 
footings in Sec. 1204(g). 


(f) In two-way square footings, the reinforcement extending in each 
direction shall be distributed uniformly across the fuli width of the 
footing. 


(g) In two-way rectangular footings, the reinforcement in the long 
direction shall be distributed uniformly across the full width of the 
footing. In the case of the reinforcement in the short direction, that 
portion determined by formula (30) shall be uniformly distributed 
across a band-width (B) centered with respect to the center line of the 
column or pedestal and having a width equal to the length of the short 
side of the footing. The remainder of the reinforcement shall be uni- 
formly distributed in the outer portions of the footing. 


_ Reinforcement in band-width (B) _ Rett 2 rats (30) 
Total reinforcement in short direction (S + 1) 
In formula (30), “S” is the ratio of the long side to the short side of the 
footing. 





1205—Shear and bond 

(a) The critical section for shear to be used as a measure of diagonal 
tension shall be assumed as a vertical section obtained by passing a 
series of vertical planes through the footing, each of which is parallel 
to a corresponding face of the column, pedestal, or wall and located a 
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distance therefrom equal to the depth d for footings on soil, and one- 
half the depth d for footings on piles: 

(b) Each face of the critical section as defined in Section 1205(a) 
shall be considered as resisting an external shear equal to the load on 
an area bounded by said face of the critical section for shear, two 
diagonal lines drawn from the column or pedestal corners and making 
45° angles with the principal axes of the footing, and that portion of 
the corresponding edge or edges of the footing intercepted between the 
two diagonals. 


(c) Critical sections for bond shall be assumed at the same planes 
as those prescribed for bending moment in Section 1204(b); also at 
all other vertical planes where changes of section or of reinforcement 
occur. 


(d) Computations for shear to be used as a measure of bond shall 
be based on the same section and loading as prescribed for bending 
moment in Section 1204(a). 


(e) The total tensile reinforcement at any section shall provide a 
bond resistance at least equal to the bond requivement as computed 
from the following percentages of the external shear at the section: 


1. In one-way reinforced footings, 100 percent. 
2. In two-way reinforced footings, 85 percent. 


(f) In computing the external shear on any section through a foot- 
ing supported on piles, the entire reaction from any pile whose center 
is located six inches or more outside the section shall be assumed as 
producing shear on the section; the reaction from any pile whose 
center is located six inches or more inside the section shall be assumed 
as producing no shear on the section. For intermediate positions of 
the pile center, the portion of the pile reaction to be assumed as pro- 
ducing shear on the section shall be based on straight-line interpolation 
between full value at six inches outside the section and zero value at 
six inches inside the section. 

(g) For allowable shearing stresses, see Section 305 and 808. 


(h) For allowable bond stresses, see Section 305 and 901 to 905. 


1206—Transfer of stress at base of column 


(a) The stress in the longitudinal reinforcement of a column or 
pedestal shall be transferred to its supporting pedestal or footing 
either by extending the longitudinal bars into the supporting member, 
or by dowels. 


(b) In case the transfer of stress in the reinforcement is accomplished 
by extension of the longitudinal bars, they shall extend into the sup- 
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porting member the distance required to transfer to the concrete, by 
allowable bond stress, their full working value. 


(c) In cases where dowels are used, their total sectional area shall 
be not less than the sectional area of the longitudinal reinforcement 
in the member from which the stress is being transferred. In no case 
shall the number of dowels per member be less than four and the 
diameter of the dowels shall not exceed the diameter of the column 
bars by more than one-eighth inch. 


(d) Dowels shall extend up into the column or pedestal a distance 
at least equal to that required for lap of longitudinal column bars 
(see Section 1103) and down into the supporting pedestal or footing 
the distance required to transfer to the concrete, by allowable bond 
stress, the full working value of the dowel. 


(e) The compressive stress in the concrete at the base of a column 
or pedestal shall be considered as being transferred by bearing to the 
top of the supporting pedestal or footing. The unit compressive stress 
on the loaded area shall not exceed the bearing stress allowable for 
the quality of concrete in the supporting member as limited by the 
ratio of the loaded area to the supporting area. 

(f) For allowable bearing stresses see Table 305(a), Section 305. 

(g) In sloped or stepped footings, the supporting area for bearing 
may be taken as the top horizontal surface of the footing, or assumed 
as the area of the lower base of the largest frustum of a pyramid or 
cone contained wholly within the footing and having for its upper base 
the area actually loaded, and having side slopes of one vertical to two 
horizontal. 


1207—Pedestals and footings (plain concrete) 

(a) The allowable compressive unit stress on the gross area of a 
concentrically loaded pedestal shall not exceed 0.25f’.. Where this 
stress is exceeded, reinforcement shall be provided and the member 
designed as a reinforced concrete column. 

(b) The depth and width of a pedestal or footing of plain concrete 
shall be such that the tension in the concrete shall not exceed .03f"., 
and the average shearing stress shall not exceed .02f’. taken on sections 
as prescribed in Section 1204 and 1205 for reinforced concrete footings. 
1208—Footings supporting round columns 

(a) In computing the stresses in footings which support a round or 
octagonal concrete column or pedestal, the ‘face’? of the column or 
pedestal shall be taken as the side of a square having an area equal to 
the area enclosed within the perimeter of the column or pedestal. 
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1209—Minimum edge-thickness 


(a) In reinforced concrete footings, the thickness above the reinforce- 
ment at the edge shall be not less than six in. for footings on soil, nor 
Tess than twelve in. for footings on piles. 

(6) In plain concrete footings, the thickness at the edge shall be 
not less than eight in. for footings on soil, nor less than fourteen in. 
above the tops of the piles for footings on piles. 
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The Five-Year Temperature Record of a Thin 
Concrete Dam* 


By S. D. BURKSt 


Member American Concrete Institute 


SYNOPSIS 

Temperature in concrete structures is of interest mainly because 
it is often a cause of cracking. When joints are provided in a structure, 
their behavior and the need for grouting are largely a question of tem- 
_perature. Presented herein is the temperature history of a thin concrete 
dam, based on results of more than five years of observation. The tem- 
perature rise of concrete is given, as well as the effect of thickness of 
section on temperature behavior. Also shown are graphical trends of 
cooling, time lag of concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete temperature 
variations are given, along with a discussion of orientation of structure 

and the consistent form of final temperature fluctuations. 


INTRODUCTION 


The Harry C. Englebright Dam, formerly the Upper Narrows Dam, is 
located on the Yuba River, approximately 40 miles northeast of Sacra- 
mento, California. Built in 1940 by the Corps of Engineers, Sacramento 
U.S. Engineer District, its primary purpose is to provide a debris barrier 
to permit the resumption of hydraulic gold mining in the upstream 
tributaries of the Yuba River. Designed as an arch dam, with free 
spillway through a center depressed section, it is approximately 260 ft 
high (Fig. 1), and contains approximately 325,000 cu yd of concrete. 
Maximum thickness at the base is about 80 ft, gradually narrowing to 21 
ft at the crest. 

The dam was constructed by placing concrete in 5-ft lifts, with trans- 
verse contraction joints spaced at about 50-ft intervals. Block thick- 
nesses were governed by the thickness of the dam at the various eleva- 


*Received by the Institute March 17, 1947. 
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tions. A minimum of 72 hours was established as the interval between 
successive lifts. 

Concrete placed in the dam was designed to contain 1.00 bbl of 
moderate-low-heat cement per cu yd of concrete, and yielded an average 
compressive strength of 3,750 psi at 28 days, using 6-in. maximum size 
aggregate. The heat generating characteristics of the cement were 
normal for the type and averaged approximately 75 calories per g at 28 
days, by heat of solution method in 40 percent paste. 

The 47-year air temperature history for anearby U.S. Weather Bureau 
Station is shown in Table 1. It will be noted that the mean annual air 
temperature is 62 F, with an average high temperature of 75 F, and an 
average low temperature of 47 F for the 12-month period. The mean an- 
nual river water temperature is in the neighborhood of 52 F. 


TABLE 1—U. S. WEATHER BUREAU RECORD OF AIR TEMPERATURES 

















Mean Average Average 

Month temperature, F daily high, F daily low, F 
Se ss 2k 0:5 v.00 ve 9-0 43 54 36 
ME NG 5a. 'cle'ele 65 @ 0 0's 50 60 40 
EST RI ae a ea 54 66 42 
LSS a eS rong ae 59 73 45 
NS sine 6 waite is. 0c 0,0 6 Re-0. pi 65 ; 81 49 
RRA bia ik bpcsie is 6 v0 a ais 74 90 56 
eM eal eS a ks os 6 e's's 79 98 60 
MN ihiacs a:6 aia'biataceS ocd 0.0 77 96 57 
ES 72 88 54 
ian nine i ¢:5,0-0-0'0.0:0 64 7 49 
INNS Wa wis a ys ¢0 o,6:4;0 00's 55 65 42 
DRG k, Foe s's cb cccces 47 55 37 
EY Sok. x oy cs aid hoa 62 








CONCRETE TEMPERATURES 


During construction of the dam, 53 Carlson resistance thermometers 
were installed at strategic locations throughout the structure. As shown 
in Fig. 1 and Table 2, all but two of the 23 blocks of the dam have one or 
more thermometers, so dispersed as to portray fairly well the tempera- 
ture behavior of the concrete at different thickness of section and orienta- 
tion on the structure. 

Immediately after placing concrete, each instrument was read to es- 
tablish the initial placing temperature; subsequent readings were taken 
every two days for the first month, and weekly thereafter. The results 
of five years of observation having been carefully studied, the characteris- 
tic behavior of each of the following features seems apparent and worthy 
of mention: 

(1) Temperature rise of concrete. 

(2) Effect of thickness of dam on cooling. 

(3) Effect of orientation of the structure. 

(4) Time lag of concrete behind air temperature. 
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_ 


(5) Effect of thickness on annual concrete temperature variation. 
(6) Temperature variation near surfaces. 
(7) Stable temperatures. 


TEMPERATURE RISE OF CONCRE!+ 


The mean temperature rise of the concrete for all of the control in- 
struments observed, with varying placing temperatures and air tempera- 
tures, was 42 F. This is considered normal for cement factor 1.00 bbl of 
moderate-heat-of-hardening cement and siliceous aggregate. It is esti- 
mated that approximately 57 F would have attained without heat loss 
to the sides and the top of lift. As is indicated by Table 1, excessively 
high and low air temperatures were experienced during the year. During 
the hot summer months, evaporative cooling of aggregates was used, 
mixing water temperatures were maintained at lowest possible levels, 
and the bulk of concrete placing operations took place on afternoon and 
night shifts. The maximum observed temperature immediately after 
placing indicated by the resistance thermometers was 88 F. Cold 
weather concreting operations required the use of heated mixing water for 
approximately 25 percent of the blocks placed during the months of 
January and February. The lowest placing temperature recorded by the 
instruments was 53 F. The average placing temperature throughout the 
job was approximately 70 F. 


EFFECT OF THICKNESS OF DAM ON COOLING 


Typical cooling trends are graphically shown in Fig. 2, 3, and 4, and 
the time required for the temperature of the section to drop to a somewhat 
steady state is indicated. Typical behavior of thick, medium, and thin 
sections is indicated by the slope of the cooling curves and the time re- 
quired to attain a more or less steady state. The observed cooling period 
for all blocks in which resistance thermometers were embedded is shown 
in Fig. 5, and is considered fairly representative of the time-thickness 
relationship for the structure as a whole. The relatively slender character 
of the dam made it somewhat difficult to accurately determine the point 
of elapsed time at which a particular thickness of section no longer gave 
off heat. Further reference to Fig. 3, the cooling cycle of a typical 45- 
ft thick section, will show that the concrete actually continued to lose 
some heat beyond the 14-month time interval which elapsed before the 
effect of seasonal variation was manifested. Inasmuch as this trend 
consistently appeared in practically all instrument-embedded blocks, 
it was considered worth while to analyze the time-temperature relation- 
ship up to the point where the concrete temperature ceased to drift 
downward. 

The result, shown in Fig. 5, is two distinct curves, almost identical at 


‘the point of minimum thickness, but definitely diverging with incre- 
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ments of thickness. Using Glover’s!* equations and curves developed 
for cooling of flat slabs, a computed time-temperature curve for total 
heat loss was evolved. Good agreement between the theoretical and 
actual values is noted for sections 20 ft thick to 50 ft thick; beyond 50- 
ft thickness a difference of about 7 percent is apparent. Considering the 
rather obscure nature of the time interval sought in the observed curve, 
the similarity of the two curves is nonetheless considered striking. In- 
asmuch as the lower curve of observed temperatures in Fig. 5 is the 
relationship which exists for temperature decline up to the point of 
effect of seasonal fluctuation, experimental values of time required for 
heat loss of less than 99+ percent were computed and placed alongside 
the actual curve. It was found that values computed on the basis of 
93 percent heat loss more closely fitted the actual curve, indicating that 
only about 6 percent of the original heat in the structure remained when 
seasonal fluctuation of the concrete temperature was noticeable. 


EFFECT OF ORIENTATION OF THE DAM 


An effort has been made, by careful analysis of observed temperature 
data, to determine the relative effect of solar position on the temperature 
behavior of the downstream face of the dam. The structure is so lo- 
cated that a chord drawn across the are of the dam will practically 
parallel the east-west direction, and the downstream face has a southern 
exposure. It was considered possible that the two abutment halves of 
the dam should therefore receive different intensities of the sun’s rays. 
No consistent relationship could be evolved, however, to indicate that 
the temperature state of one side differed materially from the other. 


EFFECT OF FREE SPILLWAY ON TEMPERATURES 


The depressed spillway, located in the approximate center of the 
crest length of the dam, embraces slightly more than two-thirds of the 
blocks. In order that a comparative analysis could be made of concrete 
temperatures displayed by the blocks comprising the spillway area and 
the blocks comprising the main dam area, an analysis was prepared show- 
ing observed mean annual maximum and minimum concrete temperatures. 
As would be expected, a slight insulating effect was manifested by the 
curtain of spilling water on the temperature of the concrete behind it, 
and the mean differences between maximum and minimum temperatures 
of the two areas was modified. Results of the tabulation indicated that: 
(1) the main dam temperatures averaged 56 F minimum and 71 F maxi- 
mum; (2) the spillway section temperatures averaged 51 F minimum and 
62 F maximum; (3) the blanketing effect of the spillway therefore pro- 


*Numbers indicate references at end of test. 
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BLOCK 13, ELEV. 297.5 
CENTER OF POUR, BLOCK THICKNESS 74.0 FT 
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Fig. 2—Yearly temperature behavior of concrete in block of 
near maximum thickness 
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Fig. 3—Yearly temperature behavior of concrete in block of 
medium thickness 
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BLOCK 16, ELEV. 522.5 
CENTER OF POUR, BLOCK THICKNESS 18.0 FT. 
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Fig. 4—Yearly temperature behavior of concrete in block of 
minimum thickness 
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Fig. 5—Relationship between thickness of section and time 
required for cooling 
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duced a net reduction of 4 F on the annual temperature variation cycle 
of the spillway blocks and the main dam blocks. 

A secondary tabulation was prepared in an attempt to further validate 
the comparison by eliminating block temperatures which might be in- 
fluenced by shadow, but no appreciable difference from the basic con- 
clusion was apparent. 


EFFECT OF THICKNESS ON TIME LAG BEHIND AIR TEMPERATURE 


The actual time lag of mean monthly concrete temperature in the center 
of the block behind the mean monthly air temperature of the surroundings 
was determined for all of the embedded thermometers. Using the time- 
temperature curves typified by Fig. 2, 3, and 4 for concrete temperatures, 
a time-temperature curve showing mean monthly air temperatures was 
drawn on transparent paper and, by superimposing it on the concrete 
temperature chart, the time lag in months was readily scaled off and 
averaged. The observed relationship between time lag and thickness is 
displayed in Fig. 6. Using equations developed by Glover', the theo- 
retical time lag was computed and graphically compared with the ob- 
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Fig. 6—Effect of thickness of section on time lag of mean monthly con- 
crete temperature behind mean monthly air temperature 
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Fig. 7—Effect of thickness of section on degree of annual temperature varia- 
tion of concrete in center of block 


served time lag. It will be noted from Fig. 6 that fairly close agreement 
exists between the two. Thus the lag for this particular concrete is 
about 2 months for 20-ft thickness and 6 months for 75-ft thickness. 


EFFECT OF THICKNESS ON ANNUAL TEMPERATURE VARIATION 


Practically all of the observed concrete temperatures, when plotted 
against time as in Fig. 2, 3, and 4, displayed a characteristic sinusoidal 
time-temperature curve with the amplitude of the curve representing 
the degree of temperature variation as affected by thickness of section. 
The average values for temperature variation were obtained in much the 
same manner as described in the preceding section, and the results are 
presented in Fig. 7. The computed average annual variation, obtained 
from curves developed by Glover!:?, shows good agreement with the 
observed variation, with the exception of the extreme thicknesses. Some 
speculation is allowed, it is believed, on the dampening effect of air tem- 
perature variation caused by shadow, overburden, and cushion pool on 
the downstream face. It should also be pointed out that the curves apply 
for mean concrete temperatures, whereas the report values are center of 
block temperatures. 


TEMPERATURE VARIATION NEAR SURFACES 
As part of an investigation to determine the relative hour-to-hour 
temperature behavior of the concrete near the downstream face of Block 
19 (see Table 1), a 3-day period of hourly temperature observations was 
conducted in October 1945. Five resistance thermometers, embedded 
6, 18, 30 and 42 in. from the face and in the center of the block, were 
read at hourly intervals for 72 consecutive hours. Accurate and careful 
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observations of the surface temperature and air temperature were like- 
wise recorded. The results of this program are shown in Fig. 8. 


It will be noticed that surface temperature exceeds air temperature in 
daily intensity but that no apparent hag exists. It is also seen that 
a typical surface temperature fluctuation amounts to about 38 F, whereas 
the air temperature fluctuates 30 F. A 10-hour lag exists between 
surface and 30-in. deep concrete temperatures. The intensity of the 
stress-cycle undertaken by the surface concrete is considered to be a 
tangible clue to one of the principal causes of surface distress and crack- 
ing of concrete. 
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Fig. 8—Typical hour-to-hour conduct of surface concrete temperatures as related to air tem- 
peratures. Distances shown are from the downstream surface. Center of block temperature 
remained constant at 54 F throughout 
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STABLE TEMPERATURES 


The term ‘stable temperature” is usually considered to be the ter- 
minal point of the time-temperature curve where the concrete tempera- 
ture is no longer diminishing and has reached a state of equilibrium. 
The typical time-temperature charts in Fig. 2, 3, and 4 show that the 
behavior of the temperatures of the dam under discussion conforms 
with this definition, but with certain modifications. 


It has been demonstrated that the concrete temperature diminishes to 
a point where about 6 percent of its excess heat remains, and then merely 
enters into a stage of sinusoidal rise and fall prompted by seasonal air 
temperature fluctuations. The concrete nevertheless is still giving off 
heat, although at a much reduced rate, and is approaching a state where 
the final stable temperature can be defined. Considering that the final 
temperature must be governed by both the mean annual air and water 
temperature, the following analysis can be made: 

For the particular elevation of dam under observation, the mean annual water 

temperature (as indicated by resistance thermometers embedded in the upstream 

surfaces of the dam) is located on the time-temperature chart. The mean annual 

air temperature is likewise located. Then, a line drawn parallel to the abscissa 

through the geometric center of the sinusoidal wave of temperature variation 

will be found to practically coincide with the average of the air and water tem- 
peratures, 

As an illustration, the final temperature state of the blocks repre- 
sented by Fig. 2, 3, and 4 is governed by the water temperature, (44 F, 
58 F and 61 F respectively) and the air temperature of 62 F from Table 1. 
It will be noted that the average of the dashed lines representing air and 
water temperatures closely approaches the geometric mean of the 
sinusoidal wave of concrete temperature variation. 

This trend has been found to be strictly valid for over 75 percent of 
the embedded instruments; for some unexplained reason a small number 
of instruments located in Blocks 2 to 6 indicated approximately 6 F 
higher temperature state than the other thermometers. Incidentally, 
these blocks are located on the west side of the river canyon, thereby 
eliminating the possibility of the effect of a higher degree of exposure. 


SUMMARY 


As a result of this study of the 5 year temperature behavior of a thin 
concrete dam the following consistent observations are presented: 

1. The average temperature rise of the dam was 42 F for concrete 
containing 1.00 bbl of modified cement per cu yd. 

2. Two distinct time-temperature relationships appear in the cooling 
process of the dam: (1) the time required for the concrete to lose sufficient 
heat to be affected by seasonal temperatures, and (2) the time required 
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for the concrete to cease emitting discernible heat. About 93 percent 
of the total heat available in the concrete must be dissipated before 
seasonal fluctuations become effective. 

3. Orientation of the dam with respect to solar position indicates no 
consistent effect on the temperatures of the interior concrete. 


4. A net reduction of only 4 F was observed in the annual temperature 
variation of concrete immediately behind the spillway overflow as com- 
pared to the remainder of the dam. No effect on stable temperature is 
apparent. 

5. Fairly good agreement was found between observed and computed 
values for time lag of mean monthly temperature of the interior con- 
crete as compared with the air. About 3-months lag is noticed for 30-ft 
thick sections and 6-months lag for 75-ft thick sections. 

6. Center-of-block concrete temperatures were found to have an ob- 
served annual range from 36 F, for a minimum thickness of 20 ft, to 2 F 
for a maximum thickness of 87 feet. 

7. The effect of diurnal air temperatures on concrete temperatures 
near exposed surfaces is submitted as a realistic factor in surface dete- 
rioration from the standpoint of fatigue. The concrete temperature at 
exposed surfaces varied as much as 38 F due to diurnal air temperature. 

8. In the areas unaffected by the spillway, the temperature ultimately 
tends to fluctuate sinusoidally about the value equal to the average of 
mean annual air and water temperatures at a particular elevation. 


REFERENCES 
1. Glover, R. E., “Flow of Heat in Dams,’’ ACI Journa, Nov.-Dec. 1934, Proc. V, 
31, p. 113. 


2. Rawhouser, Clarence, “Cracking and Temperature Control of Mass Concrete,’ 
ACI Journat, Feb. 1945, V. 41, p. 305. 
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Discussion of a paper by S. D. Burks 


The Five-Year Temperature Record of a Thin 
Concrete Dam* 


By ROBERT E. GLOVER and AUTHOR 


By ROBERT E. GLOVERT 


In his paper Mr. Burks presents some interesting data on temperature 
changes in concrete. In correlating these observations he has made 
extensive use of available data but it is believed that still better correla- 
tions could be obtained by using formulas devised to apply to his special 
conditions. For these purposes it would be important to know the 
temperature variations near the upstream face and the diffusion constant 
for the concrete. It is hoped that the author will present some of these 
data in his closure. 

Some data are presented in his Fig. 8 which show air and concrete 
temperatures adjacent to a surface subjected to direct sunlight. To the 
writer’s way of thinking the most significant thing shown by these 
curves is the persistent excess of concrete surface temperature over air 
temperature throughout the whole day. This is an important considera- 
tion. On the downstream face of the Hoover Dam, which receives 
sunlight at maximum intensity in the afternoon, the surface temperature 
averages about 11 F warmer than the air temperature as an average of 
day and night, winter and summer over the whole year. This factor 
is worth taking into account when interior temperatures are being com- 
puted. 


AUTHOR'S CLOSURE 


The reader’s attention is invited to Fig. 1 and Table 2 of the original 
paper wherein the location and description of the embedded thermometers 
are given. Table 2, Note a states that five thermometers are located in 
the upstream face of Block 13 at various elevations from the foundation 
to just below the depressed spillway crest. 


*ACI Journat, Sept. 1947, Proc. V. 44, p. 65, 
tU. S. Bureau of Reclamation, Denver, Colo. 
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Fig. A of this closure gives the mean monthly temperatures which 
these instruments have shown. Inasmuch as they are located 6 in. from 
the upstream face of the dam, it may be regarded that these thermometers 
indicate the mean monthly water temperatures as well as the temperature 
variations in which Mr. Glover expressed interest. 

It will be noted from these charts that the mean annual water tempera- 
ture increases from a minimum of 44 F at El. 299 to 61 F at El. 524. It 
is also apparent that the fluctuations of water temperatures more closely 
parallel the fluctuations of mean monthly air temperatures as the point 
of observation approaches the crest elevation. 

The diffusion coefficient of concrete which was used in the preparation 
of the charts was 0.041 sq ft per hour. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘copper-riveted” conclusiveness of formal treatises. 
Answers’ to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI Moulier knowledge 
of concrete “know-how.” 


Integral Waterproofing Materials for Concrete (44-185) 


Q—An inquiry was recently received somewhat along these lines: 
Can you give us any information on the effectiveness of integral water- 
proofings in concrete, especially calcium stearate? 


By W. E. PARKER* 


A—A search of the literature has yielded the following in formation 
on integral waterproofing agents: 

(1) ACI Committee 212 reported in the November 1944 JotRNAL as 
follows: 


“Soaps or other fatty acid compounds, such as calcium, ammonium, 
aluminum, or sodium stearates or oleates, and petroleum oils or waxes 
are mixed with concrete at times to make the hardened concrete water- 
repellent. The water-soluble soaps are not water-repellent as added to 
the concrete mix, but they can become so by reaction with the hydrated 
lime formed during the hydration of the cement to form water-insoluble 
‘alcium soaps. The property of water-repellency may be useful in 
masonry mortars to decrease capillary rise of moisture, thus minimizing 
the discoloration and efflorescence which results at times from evapor- 
ation of capillary water. Concretes containing water-repellent materials 
also have application in floors or walls in contact with the soil, where the 
concrete is subject to capillary flow of moisture but not flow of water 
under a high pressure head. 

" *Hydro-Electric Power Commission of Ontario, Toronto, Ont., Can. 
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Additions of water repellents in amounts usually ranging from 0.1 
to 0.2 percent, by weight of cement, increase workability of the fresh 
concrete, and in the hardened concrete decrease the absorption by 
capillarity, increase permeability under high pressure and decrease 
strength. The use of larger amounts increases these effects. The ‘‘water- 
proofed” portland cements and many of the masonry cements contain 
-water-repellent materials. 


The commercial admixtures of this class, intended to be added at the 
mixer, are in the form of liquids, pastes and powders containing water- 
repelling agents in amounts ranging from 5 to 25 percent, the remainder 
being water and various fillers. Undiluted aluminum, ammonium and 
calcium stearates and butyl stearate emulsion are available as chemical 
compounds.” 


(2) A paper entitled “Soaps as Integral Waterproofings for Concrete”’ 
by Prof. Alfred H. White and Prof. John H. Bateman, Proc. ACI, V. 22, 
p. 535, 1926, in summarizing the work of a number of investigators, 
brought out the following points: 

(a) Effectiveness of such agents depends on their fineness (if in solid form) and 

the uniformity of distribution in the mix. 

(b) The chief property of water repellents is to diminish the absorption of water 

by capillary action. 

(c) The strength of concrete containing water-repellents depends to a great ex- 

tent on the period of moist curing. If hydration is suspended by drying it will 

never be resumed to any great extent since absorption is prevented by the water- 
proofing treatment. 

(3) An A.S.T.M. C-9 report by W. M. Dunagan and G. C. Ernst (Proc. 
A.S.T.M., V. 34, I, p. 383) showed two “waterproofed” cements to have 
lower initial permeability than plain concrete but higher ultimate leakage 
because of poorer self-healing properties. The strengths produced by 
the treated cements were far lower than those for plain concrete even 
under conditions of continuous moist-curing. The reduction in water- 
tightness observed with the admixtures was equivalent to the increase in 
voids caused by higher water requirements or by bulking. 


(4) Tests by the Bureau of Standards on 50 commercial integral 
waterproofers including several stearate products with or without lime 
and calcium chloride (C. H. Jumper, ACI Journat, Dec. 1931, Proc. V. 
28, p. 209) showed greater permeability for concrete containing stearate 
as follows: 


The addition of agents consisting essentially of soap caused an in- 
crease in permeability under almost all conditions and, in general, re- 
duced absorption. Oleate soap caused an appreciable reduction in 
strength. 
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Lime and soap produced permeability intermediate between plain 
concrete and that treated with soap. Appreciable quantities lowered 
the strength and reduced absorption. 

Calcium chloride and soap gave permeability and strength results that 
approached those of plain concrete, but produced no important advan- 
tages save possibly the reduction in absorption. 

The only group of materials that, in general, improved compressive 
strength and lowered permeability were the finely-divided fillers. 

(5) An interesting series of absorption tests was described by C. G. 
Walker in the ACI JournaL, June 1942, Proc. V. 38, p. 316-1. The in- 
vestigation dealt with the effect of a number of commercial stearate 
preparations used as admixtures on the absorption of 2-in. cubes of cast 
stone. Most of the agents, when used in sufficient quantity, reduced 
the capillary absorption of the specimens for at least a few hours of 
soaking at the age of 73 days; a few of them gave good protection for 
several years even under severe conditions. It was indicated that by 
vareful selection and proper use of an integral waterproofing agent mois- 
ture penetration through capillary attraction can be greatly reduced. 


Storage of Bulk Flour in Concrete Silos (44-186) 


Q—From a firm of engineers in England we have received a question 
essentially as follows: We are considering the construction of concrete 
silos for storage of flour in bulk. As far as we know flour has not been 
stored in concrete silos in this country before, the usual type of flour silo 
being of timber lined with sheet tin. Millers inform us that it is essential 
that the concrete base of the silos be free of pin holes and other blemishes 
which might be a breeding ground for mites and weevils. Can you refer 
to information or literature on the storage of flour in concrete bins, 
especially information on finishes used or methods of treatment of the 
concrete. 


BY JACOB FRUCHTBAUM* 


A—Concrete silos, wood floated right after the sliding forms are 
moved up, have been used for flour storage. As far as I have been able 
to check no difficulties have been encountered. 

Nevertheless, it is true that studies with special finishes are being 
made. I am not in a position to know what is being done by the various 
flour mills, but it is no secret that cement finishes applied later have not 
worked out satisfactorily. Steel troweling at an increase in cost of about 
a cent a sq ft has been discussed, but I know of no place where it has been 
used. 


*Reecon Co,, Buffalo, N.Y. 
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The real problem in flour storage, however, is in the avoiding of con- 
densation. As the flour comes to the silo it will be at a temperature of 
say 90 F. With the outside temperature considerably below that, 
provision should be made to avoid condensation. 

A—wWhile there have been a few such concrete bins for many years, it 
was not until very recently that much attention was given to the storage 
of flour in bulk. In general it has been sacked immediately after milling 
and stocked in the sacks in warehouse. Recent changes in operations 
have made it advantageous to store flour in bulk and several reinforced 
concrete bins have been built for this purpose with satisfactory results. 

The big difficulty with storing flour in bulk is to prevent condensation 
on the walls. When the flour enters the bin, the entrained air is rather 
warm and of high humidity. This means that if it comes in contact with 
a surface of much lower temperature, condensation will form. Where 
the bin walls have formed part of the exterior walls of the structure, or 
been placed in contact with them, there has been some trouble with 
condensation even though some insulation was provided, such as hollow 
tile. The present practice is to place these bins completely within the 
building, generally three or four feet from the outer wall. By keeping the 
building heated the walls of the bins can be maintained at a high enough 
temperature to prevent condensation of the air entrained in the flour. 
The owner of one such installation reported in 1922 that the bins had 
been very satisfactory for several years. The same is reported for more 
recent installations. 

The recent installations have been built with sliding forms, and the 
inside surface troweled as the forms were raised. This has given a 
sufficiently smooth surface so that no other treatment was necessary. 

Bins of this type are insectproof and clean sufficiently so that the in- 
sects do not develop in them. However, elevators and conveyors seldom 
clean as well as the bins and, consequently, insects may be transmitted to 
the bins. The reinforced concrete bins are so tight that they can easily 
be fumigated when necessary. 


How Much Wall is Effective in Stiffening a Concrete Beam? (44-187) 
By ALLEN H. BROWWNFIELD* 


Q—How much wall is effective in stiffening a concrete beam? For 
example, assume a small concrete storage room without columns and 
with spread footings. 

With the construction joints spaced about as shown, how many feet 
of wall should be assumed as acting integrally with the beams when 
computing negative beam moments? 





*Sacramento, Calif. 
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Various individuals have expressed opinion as follows: 

“A” says —‘“‘We have built concrete buildings for years using only nominal steel in the 
tops of beams at walls and they are still standing. Why not continue the practice of 
using simple T beams (pinned at walls and nominal end reinforcing added) since they 
are quite economical for vertical loads?” 

“B” says-—“The structure is a monolith and should be designed as such. Why not 
assume the full 8 ft 8 in. of wall as effective in resisting moments? For this case we can 
assume the transverse slab spacer bars as acting in tension, thus little or no additional 
negative reinforcement is required.” 

“OC” says—“How can you make such radical assumptions? Those walls are so thin 
that they twist locally. I use about two ft of wall as effective in computing end moments 
and this requires less negative beam steel.” 

“D” says“ use about four ft for 8 in. walls and six ft for 10 in. walls; then I decrease 
these values slightly for walls over ten ft high.” 

“EB” remarks—‘“The code permits us to use a 6 ft 1% in. T flange for these beams. 
Why not use this width of wall when computing end moments?” 

At this point “‘B”’ counters with—‘' Modern bridge codes permit you to use the entire 
deck slab along with girders when computing deflections under maximum live load, also 
the spreading of tension steel is advocated by the P.C.A. in some of its recent pamphlets 
on continuous bridges. Therefore, why not be modern?” 

“A” cautions that-—‘‘These high negative moments at the walls require more wall 
reinforcement and makes steel placing difficult in these thin walls and since I have seen 
so few signs of distress at ends of beams in old buildings, I am inclined to believe that 
local joint rotation occurs, thus relieving the negative moment and increasing the 
positive moment in the beam,”’ 

“D” says —‘‘Some of this joint rotation may occur due to slippage in the construction 
joints—-any small movement will relieve the ends of beams tremendously.” 


Who is right and does anyone have experimental data to prove his point? 


Anchor Bolts Set in Drilled Holes (44-183)* 


Q—This question was originally published in the March 1947 Jour- 
NAL* as follows: “I would like to get some information on the allowable 
resistance to sidewise loads, and to uplift loads of anchor bolts set in drilled 


*See also anawer by Chester L. Post, ACd Jounnan, March 1947, Proc. V. 43, p. 882 
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holes in concrete. For example, cinch bolts, bolts set in steel expansion 
sleeves, bolts set in lead, grout, or sulfur, or any better types there may 
be. While I realize that the shear resistance of some of these anchor 
bolts is theoretically nil, a nut drawn down tight on a steel plate bearing 
on the concrete will often have considerable resistance to side loads. 
Any figures or references to results of tests you could give on the subject 
would be appreciated.” 


By E. L. RICHARD* 


A—tTests made by the Stanley River Works Board show that anchor 
bolts can be safely set with cement mortar in holes drilled comparatively 
short distances in high grade concrete. (All references to tons refer to 
long tons of 2240 Ib.) 

The bolts tested were 1 in. diam. shank with standard square head 
(2% in. across corner, 1 in. deep) and were formed by turning down 
standard 114 in. diam. mild steel bolts, so that an axial load applied to 
the bolts would not cause failure under the thread. 

The holes were drilled vertically with a 21% in. diam. cross bit, with a 
percussion drill, in 4 sack of cement per cu yd concrete about 4 years old. 
The strength of this concrete was about 2,900 psi at 28 days. 

The mortar used was mixed in small amounts, 2 parts of coarse sand 
to 1 of cement, and the water-cement ratio was 1:2 by volume. This dry 
mortar was well tamped by hand. All the tests were made 7 days after 
setting the bolts. 

The bolts were loaded by a calibrated 50 ton hydraulic jack acting 
on a stiff yoke. The loading arrangements were such that the loaded 
bolt was in the center of an unloaded area of concrete the width of which 
was 2 ft so that a cone having a base of 2 ft diam. was free to break out. 

In four separate tests using a hole 8 in. deep, failure occurred in the 
shank of the bolt, and the ultimate load at each test was 20 ton. The 
form of failure was the same as that shown by a standard tensile test and 
indicated that the load was truly axial. A single test with a 7 in. deep 
hole also showed failure in the shank at an ultimate load of 19 ton, 
but bolts set in holes 6 in. deep and 5 in. deep failed by pulling out the 
mortar and portion of the surrounding concrete at 13 ton and 101% ton 
respectively. 

When bolts are spaced in groups a deeper embedment is necessary to 
prevent failure of the concrete base. 

It was found that when 3 bolts were set in 2% in. diam. holes 8 in. 
deep, in aline 6 in. o.c., failure occurred by tearing out a cone of concrete 


*Construction Engineer, Stanley River Works Board, South Brisbane, Queensland, Australia. 
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about 1 in. less in height than the depth of the holes at ultimate loads 
of 42 ton and 571% ton in the two tests made. It was found that holes 
13 in. deep were sufficient to develop the strength of the 3 bolts in the 
group and the two groups tested failed in the shanks of the bolts, at 5444 
ton and at 571% ton or very nearly three times the strength of one bolt 
in tension. It was noted that in the second test the three bolts must have 
been very near to failure in the shank. 

The calibration of the jack was checked by breaking two similar bolts 
in a standard test machine at the University of Queensland. The average 
ultimate tensile load of two bolts was 18.9 ton. 

The tests were made in connection with the design of reinforced con- 
crete corbels which will be built on the upstream face of an existing 
dam to act as stops for a coaster type emergency gate. The tensile 
strength required on the top faces of these corbels is to be supplied by 
horizontal anchor bolts. 

The gate will travel on cast steel tracks which will be bolted to the 
upstream face of the dam by bolts grouted with cement mortar into holes 
drilled into the concrete. These bolts will be subject to a slight load 
parallel to the face of the dam but it is expected that the most severe 
load on the bolts will be the “screwing up” load. 

Several trials have shown that standard 1 in. diam. square headed 
bolts, grouted in either horizontal or vertical holes with cement mortar 
(similar to that described above) in holes 8 in. deep, 2% in. in diam. 
can be broken at the bottom of the thread by combined tension and 
torsion if they are overtightened with a long handled spanner (using 
two men). In no trial was there failure of the cement mortar, 7 days old. 

Other engineers, discussing these tests, have suggested that shrinkage 
of the mortar might cause a weakening of the anchor. We do not think 
that the dry grout used will shrink appreciably in any case, but in the 
applications under discussion the mortar will be permanently immersed. 

We have no knowledge of any test of anchor bolts in shear, but an 
account of some earlier axial tests of bolts set in cement mortar and with 
lead wool will be found in Engineering News-Record, Apr. 22, 1943, p. 80 
(V. 134, p. 560). 
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Underpinning a church at Ealing 


H. J. B. Haroine and V. H. Cotunanivas, Conerele and Constractional Engineering, (Londen) 
V. 42, No. 5, May 1947, pp. 143-151 Reviewed by GLenn Murpny 
This article deseribes the repair of a 100 x 50-ft church, 35 ft high, whieh had under- 
gone serious settlement. Method of construction was to install temporary supports 
bearing on bored concrete piles 13 in in diameter, after which one wall was rebuilt 


The design of rectangular and flanged beams 
N. A. Dews, Concrete and Constructional Engineering, V. 42, No. 3, Mareh 1947, 
pp. 77-03 Reviewed by GLEnn Murpny 
Charts are presented to facilitate the design and checking of rectangular reinforeed 
concrete beams and ‘T-beams, each with or without compression steel. The charts 
cover stress ratios from 10 to 35 and modular ratios from tl to 15. Solutions for several 
typical designs are included, 


Design of rectangular containers 
J. B. HopaKkinson, Concrete and Constructional Engineering, V. 42, No. 5, 
May 1047, pp. 152-154 Reviewed by GLENN Munrpny 
The author presents a table giving the maximum moment and thrust developed in the 
vertical walls of rectangular tanks, the length-width ratios of which do not exceed two. 
The reactions are evaluated in terms of the length of one side, and it is assumed that no 


cross ties are present and that the walls are resisting no external pressure. 


Reinforced concrete and residential flats at Bethnal Green 


Concrete and Constructional Engineering, V. 42, No. 4, April 1947, 


pp. 155-130 Reviewed by Guenn Murpny 


In January 1946 the London County Council started construction of eight blocks of 
four-story reinforeed-conerete residential buildings. The projeet is designed to include 
253 dwelling units consisting of from one to five rooms. In six of the structures a play- 
ground is designed for the roof of a portion of the third floor. Individual buildings are 
about 25 ft wide and from 160 ft to 350 ft long. The walls are reinforeed conerete with 
1 in. of wood wool used as shutter lining on the inside of the exterior walls and on both 
sides of all party walls to serve as insulation and to improve the accoustical character- 
istics. All floors are 514-in. reinforced conerete slabs without intermediate beams or 
girders, ‘The concrete was designed as quality-A conerete in accordance with the by- 
laws of the London Building Council, 
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Analysis and model tests of solid spandrel arches 


G. G. Meyveruor, Concrete and Constructional Engineering, V. 42, No. 4, 

Apr. 1947, pp. 107-122 Reviewed by GLENN Murpny 

The author presents a method of analysis adapted for evaluating the thrust, moment 
and shear in solid spandrel, single-span arches which are either two-hinged or fixed at 
the ends. The assumption is made that the extrados are straight and that the intrados 
are parabolic. In addition it is assumed that the arches are symmetrical with respect 
to a vertical center line, that the moment of inertia is the same as the moment of inertia 
of a simple rectangle, that shear deflection is negligible, that the flexural stresses are not 
appreciably altered by thrust, and that the depth of the section is small in comparison 
with the ratio of the intrados. The author develops general equations for thrust, moment 
and shear for both concentrated and uniform loads on the extrados, for variations in 
temperature, and for horizontal deflection of the springing. The influence lines de- 
termined by the mathematical analysis are compared with data obtained in tests on 
celluloid models using the Begg’s deformeter gage. Excellent agreement is noted. 


Pre-stressed reinforced concrete sleepers tested as simply-supported beams Part 1 & 2 


Concrete and Constructional Engineering, V. 42, No. 4 & 5, Apr. & May 1947, 

pp. 123-182, 155-161 Reviewed by GLENN Murpuy 

A number of concrete sleepers (ties) were installed in trial sections of the LNER near 
Hitchin about two and one-half years ago. This paper presents the results of a series of 
tests made on reinforced concrete sleepers of the same type. All test specimens had a 
length of 8 ft 6 in. and a trapezoidal cross section 6% in. deep and from 9 in. to 10 in. in 
width. They were reinforced with 0.20-in. diameter pre-stressed wire and in some cases 
with ;4-in. round steel rods. The concrete had a water-cement ratio by weight from 
0.45 to 0.39 to give a design strength of 6,000 psi at 14 days. A 1:144:3 mixture by 
volume was used with 4%-in. maximum gravel. The sections were designed for carrying 
the wheel load of a locomotive rated at a maximum of 22 tons per axle. The tests were 
conducted using symmetrical two-point loading with the load being applied in three 
cycles. In general, failure occurred by yielding in the steel. 

The second installment presents a continuation of the discussion of tests by LNER 
on reinforced concrete ties. Details of test data are deseribed, and it is concluded that 
the assumption of a rectangular stress distribution in the concrete at failure gives results 
in reasonable agreement with the test data. 


Oil storage in submarine concrete containers 
Pau. JOHANNESON, Statens Provningsanstalt, Meddelande 97, (Stockholm) 1946 AvuTHor's SUMMARY 


Investigations have been made to ascertain the density of water-saturated concrete 
against petrol at a water pressure up to about 7.1 psi of the petrol, and changes in the 
petrol when stored in concrete containers, 

About 100 gal of petrol were stored for 1 year and 3 months in a submerged eylin- 
drical concrete container. 

The loss of petrol by leakage proved to be extremely small, 0.3 percent a year for a 
total volume of about 100 gal. The leakage occurred at one place only on the wall of 
the container. A greater loss (about 1.4 gal per sq in. of wall-surface) occurred by 
penetration into the walls, but with continual use of a container this can be counted as a 
non-recurring loss. 

The quality of the petrol did not deteriorate; it was rather improved by storage. As 
anticipated, the petrol had no noticeable effect on the quality of the concrete. 

It was shown by the investigation that concrete containers, which are completely 
surrounded by water, are suitable for storing petrol, In such containers the resin- 
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percentage of the petrol is not increased, which is likely due'to the fact that the resin- 
matter formed is neutralized by lime from the water. But the concrete must be made 
very carefully to avoid penetrating pores and shrinkage cracks through which leakage 


can occur. 


Concrete—a test for consistency 
The Reinforced Concrete Review, (London) V. 1, No. 4, September 1946 


Highway Researcn ABSTRACTS 

The Iribarren test for the consistency of concrete is described in the Spanish Instrue- 
tions for Concrete Works. The apparatus consists of a cast-iron device weighing 46 to 
48 lb, and a water-tight, metal-lined wooden box, 19.7 x 19.7 x 9.8 in. The box is care- 
fully filled with the concrete to be tested, which is tamped and the surface levelled and 
smoothed, After five minutes the heavy device is placed gently in the centre of the box 
so that it penetrates the concrete as little as possible and is allowed to stand for a few 
moments. It is then lifted and the measurement of the besmeared base indicates the 
consistency. The degrees of consistency are fixed as in the accompanying table. If 
the size of the aggregate does not exceed 1% in. a smaller measuring device weighing 
about 20 Ib and a box measuring 15 x 15x 8 in. are used. In this ease the degrees of 
consistency are fixed as shown, If the Iribarren apparatus is not available, the “In- 


structions” permit the use of a slump cone or flow table with limits indicated in the 


accompanying table: 


Limit readings 


Consistency of 
concrete 


Large Lribarren 
apparatus, 


Small ribarren 
apparatus 
(aggregate less 


Slump cone 


Flow table 


in than 1% in.) in in 
Dry 3.1- 5.1 0.2-3.5 00 6 11. 8-14.6 
Plastic §.1- 7.1 3.5-4.9 0.63.0 14.6-17.7 
Soft 7.1- 9.1 1.9-6.3 3.0-4.3 17.7-21.6 
Fluid 9.1-11.0 6.3-8.1 1.3-7.9 21.6-25 2 
- 


The physical mechanics of concrete 
R. L’Hermire Institut technique du Batiment et des Travaux Publics Circulaire, 


Serie F. No. 20. Paris, August, 1946 (The Institute) Hicuway Researcn ABSTRACTS 

The author discusses along physical and thermodynamical lines the elastic and plastie 
deformation and the shrinkage of concrete in the light of present knowledge and of 
recent measurements made in cooperation with Le Camus. A non-empirical theory 
of the deformation of concrete under constant load is finally presented based on physical 
concepts, e.g., ultimate strength, permeability, frost resistance, capillarity ete., and on 
the study of experimental data. It is shown that spontaneous deformation and deforma- 
tion under load are closely linked. The total plastic deformation is shown to be an 
exponential funetion of time and is, finally, proportional to the applied load. The total 
elastic and plastic deformation is, after stabilization, sensibly proportional to the load. 
The plastic deformation after a very long period may, according to the humidity of the 
surrounding air, be expressed by a similar law as that for creep. The reversible defor- 
mation or differential elasticity is, for a given load, proportional to creep following the 
law for the latter as regards the hygrometric state of the air. Reversible deformation 
thus appears to be proportional to plastic deformation at a given instant, becoming 
afterwards proportional to load. Plastie deformation appears to diminish exponentially 
with time of loading and expressions are given equating total deformation with time of 
loading up to 2 years. 








88 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1947 


Physics applied to civil engineering (in Portuguese) 


MANUEL Rocna, Gazeta de Fisica (Lisbon), V. 1, No. 1 AvutHor’s SumMARY 


Brief statements are made of the principal contributions of physics to present-day 
civil engineering and the important part that science plays in the intelleetual develop- 
ment of engineers. 

Civil engineering with its present quantitative aspect only becomes a reality when 
physies supplies it with the mechanics of the continuous media. An appreciation of the 
positions whith the strength of materials and general hydraulics oceupy within the 
subject’ of mechanics shows the inherent difficulties encountered in the analytical 
solution of many of the problems of these two branches. 

The necessity of overcoming such difficulties demands recourse to experimentation 
for which physics provides permanent support. To be specially noted is the use of models 
and the experimental integration of certain differential equations. In the use of models, 
the aid of physics becomes manifest through the dimensional analysis for determining 
the dimensions of the models; optics gives assistance in the test of photo-clasticity, 
acoustics and electricity to measure deformations. 

The foresight that present-day physics of solid state provides, with respect to the 
enormous capability of resistance of solids when compared with their currently observed 
resistance, deserves special mention. This foresight offers the hope of using materials 
possessing properties that will completely revolutionize civil engineering. 

Physics of solid state has, morever, contributed to give coherence to the mechanical 
tests of the materials of construction, and various branches of physies have, in addition, 
assisted to a better knowledge of the same. 

It is also necessary to stress the influence that physics has had upon the origin and 
development of soil mechanics. Mention is made of physies with regard to the better- 
ment of dwelling conditions of buildings. 


Concrete testing 


Nriets M. Puiu, Ingenioren, No. 22, 1945 Auruor's SuMMARY 


Conerete is tested to determine the fitness of the constituents, optimum mixing pro- 
portions, and in order to control quality during and after the concreting operations. 

In all three cases the testing method depends on the special requirements. It should 
be especially stressed that it is not always the strength which is most important, and 
that the optimum mixing proportions vary with the property considered most important. 

There may be a considerable difference between the quality of the specimens and of 
the actual structure. Simpler methods for testing the completed structure must be 
elaborated, and dependable coefficients between the two qualities established. 

The number of specimens (and tests), will have to be rather much above the classic 
three, for all three testing categories. The exact, number depends on the total amount 
of concrete and the dispersion. 

From the results 21, 2, . . . . 2a, the average value m’ is figured from the formula: 


m’ =—(m+ .. . 2a) 
n 


together with an approach to the dispersion s’ from the formula 
(xy — m’)® }- (xy — m’)* + ¢ m m’)* 
S” = r 
n I 
As 2, %,.. . . 2a, are always arranged around m in accordance with a definite law, 
it is possible to determine a value of 2, which is of such magnitude that a certain per- 
centage of the results fall below it. 
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It may for instance be established that only 5 percent fall below x = m’ — t’ 8’, if the 
value of t—which depends on the number of tests—is taken from the table accompany- 
ing the original article. This value of « may accordingly be used as the allowable 
design-stress i.e.: 

o, = m’ —t' 8’ 
The average value m’ alone, may very seldom be used. 


Testing of concrete mixers 
Per NYCANDER, Statens Provningsanstalt, Meddelande 100, 1947 AUTHOR'S SUMMARY 


Four types of concrete mixers commonly used in Sweden have been tested with 
regard to the uniformity of the mixture and the quality of the concrete. On the basis of 
these experiments a proposed standard has been set up for the classification of concrete 
mixers for building purposes. 

The four mixers were: one Jiger type (capacity 250 liters), one Smith and two Kaisers 
(350 liters each). For each type of mixer, concrete of four different consistencies was 
tried, and for each consistency two or four batches were made in each mixer. The con- 
crete from each batch was tested as follows: sieve analyses of the mixtures were made, 
using 0.5 mm and 8 mm sieves; the compressive strength was determined, using 20-cm 
test cubes. The water permeability was determined for two specimens from each of 
eight. batches. 

Comparative tests were also conducted on concrete made in a mixer of the Kirich type. 
Eight batches were tested for strength and permeability. Furthermore, strength tests 
were made for hand-mixed concrete. 

The test. results showed that concrete from the Jiiger mixer was not satisfactory. 
The average strength of concrete from this type of mixer was only 53 percent of the 
strength of concrete prepared in the Eirich type. 

The concrete prepared in the other types of mixers, as well as hand-mixed concrete, 
gave as an average about 90 percent of the strength of concrete prepared in the Eirich 
mixer, 

The sieve analysis showed that it was principally the gravel larger than 8 mm that 
was not distributed uniformly in the prepared concrete. 

It was found that the mixing time had little effect on the test result. Thus no diff- 
erence in strength, permeability or uniformity of mixture was obtained whether mixing 
time was 30 or 90 seconds. A mixing time of only 30 seconds is, however, not advisable 
in practice as the concrete will not obtain its optimum workability in such a short time. 
In further investigations of mixers the workability of the concrete will also be tested. 

The proposed standards for classifying mixers refer to concrete of stiff as well as of loose 
consistency with cement content 275 kg per cu m and mixing time 60 seconds. 

To meet the standards a mixer must give concrete with strength of least 80 percent 
of the strength of similar concrete prepared in an Eirich mixer with mixing time 5 
minutes. 


Advanced mechanics of materials 
GLENN Murpuy, First Edition, 307 pp. illustrated, McGraw-Hill Book 


Company, New York, 1946, $4.00 Reviewed by Grorack WINTER 

With this book Professor Murphy has added another volume to his rapidly growing 
list of texts in the fields of materials, materials testing and mechanics of materials and 
of fluids. The present volume is mainly designed as a text book for an advanced course 
in strength of materials. Since very few modern texts are available for this purpose 
the new book fills the need for a one-term text in that field. As a reference work for the 
practicing engineer or research worker, the volume will be found to be too selective and 
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limited in its scope, although a considerable amount of valuable tabular and graphical 
data is included. 

From the viewpoint of educating the student to systematic thinking and method of 
analysis in this particular field, the author’s presentation is highly commendable. Con- 
sistently throughout the book analytical problems are approached by the following 
four explicit steps: statics, geometry of deformation, properties of material, and com- 
bination of the preceeding three steps. Although these stages are fundamentally in- 
herent in any structural analysis, it is the merit of this treatment to make the student 
explicitly conscious of them. 

The successive chapter headings will give an idea of the scope of material: relation- 
ship of materials to design; stresses and strains at a point; stress-strain relationships; 
theories of failure; axial loading; cylinders, spheres and disks under radially symmetrical 
loads; torsion; flexure; cross shear; introduction to photo-elastic analysis; compressive 
loads and buckling. 

The choice of material in such a book is always, to a certain extent, a matter of personal 
preference. In the present volume this choice seems to have been made primarily on 
the basis of simplicity of mathematical tools. Differential equations, though they do 
appear in some places, were apparently avoided as much as possible, except in the last 
chapter on buckling analysis. The same holds true for the use of series and other some- 
what more advanced mathematical tools. On the other hand, the powerful and mathe- 
matically simple strain-energy methods are not employed and not even mentioned. 
The discussion of buckling problems in particular suffers from this limitation. In the 
reviewer's opinion, if mathematical methods had to be limited to the simplest ones, 
the discussion of stability problems might have been made more effective and versatile 
by using the work energy approach. 

The reviewer has some doubt as to whether the student will obtain a clear conception 
of the physical processes involved in buckling. In particular, the various column formu- 
las, which are codified and in general use, are given in Chapter V, whereas elastic sta- 
bility is discussed in Chapter XI. No explanation is given on the interrelation of these 
two topics and the rational derivation of column formulas. from buckling or beam- 
column analysis, such as the secant formula and the wow formula. The extensive table 
of current column formulas in Chapter V is perhaps misleading. In this table no dis- 
tinction is made between column formulas giving allowable loads (i.e. containing a safety 
factor) such as those of the A.I.8S.C, and the Wisconsin Building Code, and those giving 
ultimate loads, such as the A.N.C. formulas. It may be noted that the A.I.8.C. formula 
in that table was superseded as early as 1936 by a combination of two formulas. 

The following topics, of considerable and increasing practical importance in structural 
design, are treated only briefly, or not at all: combined stress (flexure plus torsion, flexure 
plus shear, ete.), bending of plates, stresses in shells, fatigue, residual stress, plastic or 
limit design, impact and dynamic loading. In addition, no discussion is given of the 
correlation of current design specifications to more advanced analysis and modern test 
results. For students interested in more complex structural design, the exploration of 
the physical background and of the limitations of many highly simplified provisions of 
‘ such specifications is most instructive and desirable for the development of an in 
dependent, critical approach. On the other hand, a number of valuable topics are in- 
eluded in considerable detail which are not usually found in books of this type, such as 
extensive data on stress concentration, torsion in open and closed thin-walled sections, 
location of shear center, photoelastic methods, and others. 

In general the book seems to suffer somewhat from its brevity and selectivity. In 
view of the omitted topies just mentioned, and the rather limited choice of mathematical 
tools, the student will not obtain from such a text a preparation in advanced structural 


CURRENT REVIEWS 91 


analysis as rounded as may be desired. It is this reviewer’s experience that students 
who wish to explore this field beyond the elementary undergraduate courses, cannot do 
so effectively in a one-term course. The reviewer is in the habit, of dealing with this 
field in two consecutive, rather independent courses, the first of which is elementary in 
its mathematical tools, while the second requires an adequate knowledge of differential 
equations and related topics. It is then possible to select the material primarily on the 
basis of its practical importance and to use in each instance the most adequate, rather 
than the simplest method of analysis. The growing practical importance of more rigor- 
ous analysis in such fields as welding design, fatigue, slab and shell structures, airplane 
structures and design for buckling seems to justify a more extensive treatment than is 
given in this volume. 

The value of this book, both for teacher and student, is greatly enhanced by an un- 
usally large number of problems, and by a well seleeted bibliography. 
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Local ACI Groups Hold Meetings 


The increased activity of the Institute is reflected in the plans now 
under way by various local groups to hold meetings. Meetings in St. 
Louis and Denver will be held in September attended by Secretary- 
Treasurer Whipple. A Regional meeting of the Institute will be held in 
Birmingham at the time of the annual fall meeting of the Board of Direc- 
tion in October. It is the aim of the President and the Board that ther 
will be more Institute meetings of this type; perhaps 5 or 6 group meet- 





2 


ings per year, and at least one Regional meeting in addition to the an- 


nual convention. 


St. Louis 


Harry F. Thomson, Director-at-Large 
is organizing an ACI luncheon meeting for 
Sept. 10, 1947 in St. Louis. No technical 
session is planned, but the group is meet- 
ing to discuss plans for furthering the 
activities of ACI in the St. Louis region. 


Denver 

The Denver local committee in charge 
of plans for the 1948 convention under the 
chairmanship of E. W. Thorson has a- 
roused a lot of enthusiasm among the 
Colorado and Wyoming Members toward 
promoting the 1948 convention into the 
biggest and best ever held. A meeting in 
late March started the ball rolling, and to 
keep it rolling another meeting is now 
scheduled for the evening of September 11. 
A short technical session is planned as a 
part of the meeting. 


Birmingham, Ala. 

A group of Institute Members and lead- 
ing engineers in the vicinity of Birming- 
ham, Alabama will meet in Birmingham 
October 6 and 7 in what is hoped to be the 
first of many regional meetings through- 
out the country to acquaint engineers in 
the region with the ACI and its activities. 
Unlike the local meeting to be held in 
Denver to promote the 1948 Convention, 
the Birmingham meeting is being planned 
to bring together Institute leaders and the 
people whom the Institute can best serve 
in a region where there are comparatively 
few Members. 

Plans cal) for a regional meeting Junch- 
eon-at 12:15, Monday, Oct. 6; a technical 


session that same afternoon at 2:30 and a 
second technical session Tuesday morning, 
Oct. 7, at 9:30. All meetings will be at the 
Tutwiler Hotel. The program will be of a 
general nature on the subjects of concrete 
and the Institute. H. P. Bigler, Director, 
4th District is chairman of the special 
committee making the arrangements. 
ACI Members in Birmingham 
vicinity are urged to attend. 


ana 


Great plans in the making for 
44th Annual Convention—Denver 
Feb. 23-26, 1948 

Plans are in full swing to make the 1948 
Convention of the American 
Institute the biggest and best ever, accord- 
ing to E. W. 
chairman. 

Special emphasis is being placed on 
lining up an extremely interesting and 
diversified program of technical sessions. 
One of the highlights will be a paper on the 
rehabilitation of a 37-year-old concrete 
dam through the use of the Prepakt 
method to repair advanced deterioration 
of the upstream face and to add mass to 
the gravity structure. The repair of 
Barker dam, 8,200 feet above sea level in 
Colorado’s Rocky Mountains, has been 
followed with interest by concrete engi- 
neers the country over. 


Concrete 


Thorson, local committee 


The paper is being prepared by Prof. 
faymond FE. Davis, Director of the En- 
gineering Materials 
University of California, and a consulting 
engineer on the project; William T. Nee- 
lands, Resident Engineer at Barker dam: 


Laboratory of thi 
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and E. Clinton Jansen, recently retired, 
and formerly Chief Hydraulic Engineer 
of the Public 
owner of the dam. 


Service Co. of Colorado, 

Also of interest and a departure from 
past years will be an extensive display of 
exhibits. 

From the way the program is shaping 
up now, the 1948 Convention will be one 
of the most interesting we have had in 
many years. Sub-committees are going 
all out to provide the tops in technical 
programs, exhibits, inspection trips and 
entertainment. We look forward to an 
unusually large attendance. 

Exhibit space in the headquarters hotel 
is now being reserved at $1.50 and $2.50 
a sq ft with standard booths 8 ft x 5 ft. 
Anyone interested should write to O. O. 
Phillips, Exhibits Chairman ACI 1948 
Convention Committee, 519 Seventeenth 
St., Denver 2, Colo. 





WHO'S WHO 
S. D. Burks 


an ACI Member since 1940, whose paper 
“The Five Year Temperature Record of a 
Thin Concrete Dam” appears on p. 65, 





is a newcomer to the JouRNAL pages. 
After completion of his training in civil 
at Oregon State College in 
1937, Mr. Burks accepted a position with 
the concrete laboratory of the Corps of 
Engineers, War Department, Sacramento 
District, in March 1938. 
concrete technician during construction of 
the Upper Narrows Dam, and with the ex- 
ception of one year with the U. S. Mari- 
time Commission during the concrete ship 
program, has been with the Corps of En- 
gineers ever since. At present he is district 
concrete technician and materials engineer 
of the Sacramento District. 


engineering 


He served as 


Committee 318 

Space does not permit a biographical 
sketch of all committee members re- 
sponsible for the revised ACI “Code’’. 
It is appropriate, though, to acknowledge 


here the careful work of Chairman A. J. 
Boase and Secretary Roy R. Zipprodt 
who applied so much work to the final 
detailed preparation of the revision. At 
the time of his death, Mr. Zipprodt* had 
just finished making final editorial correc- 
tions on the revision as published in the 
December 1946 JouRNAL. 


*See p. 13, News Letter. 





New Members 





Board of 
applications 


Direction approval of 223 
(158 Individual, 11 Cor- 
poration, 1 Contributing, 12 Junior, 41 
Student) received in May, June and July, 
brings ACI Membership total to a new 
all-time high of 3514 on August 1, 1947. 
This is after small downward adjustments 
for losses by death, resignation and for 
non-payment of dues. 


Individual Members 
Effective June 1, 1947 

Baird, Ralph J., 3914 Caroline, Apt. No. 4, 
Houston 4, Texas 

Balasubrahmanyam, 8., International En- 
gineering Co., P. O. Box 356, Denver 1, 
Colo. 

Bhate, K. G., c/o The Embassy of India, 
2107 Massachusetts Ave., Washington, 
D. C. 

Borton, H. T., The Osborn Engineering 
Co., 7016 Euclid Ave., Cleveland 3, 
Ohio 

Bullert, Byron  J., 
Pittsburg, Calif. 

Butterworth, A. S., 4101 Park Ave., St. 
Louis 10, Mo. 

Carpenter, Terry, 
Scottsbluff, Nebr. 

Robert H., U. S. Bureau of 
Reclamation, Columbia Basin Project, 
Ephrata, Wash. 

Christian, J. L., 
Greensboro, N. C. 

Collons, Rodger B., U. 8S. Bureau of 
Reclamation, Fort Collins, Colo. 


Park, 


Columbia 


2309 Fourth Ave., 


Carter, 


2416 Wright Ave., 
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DeCorse, Ellsworth B., 517 N. Charles 
St., Baltimore 1, Md. 

Desposito, Ralph A., 
Brooklyn 29, N. Y. 

Dodd, G. J., Civil Engineering Dept., 
McGill University, Montreal, Que., 
Canada 

Drought, Frank T., Frost National Bank 
Bldg., San Antonio 5, Texas 

Eager, Norman A., Burlington Steel Co. 
Ltd., Sherman Ave. No., Hamilton, 
Ont., Canada 

Ellis, James F., Jr., 505 E. Sheldon St., 
Prescott, Ariz. 

Feidt, William E., 232 Bay State Rd., 
Boston 15, Mass. 

Fitzpatrick, Fred L., c/o Transit Mixed 
Concrete Co., Box 186, Corona, Calif. 
Friedland, Rachel, Hebrew Institute of 

Technology, Haifa, Palestine 


1918 Ave. R., 


Getman, Carl B., ¢/o Concrete Bldg. 
Supply Co., Peru Rd., P. O. Box 490, 
Plattsburg, N. Y. 

Gray, Sidney L., 
Riverside, Calif. 


4111 Ramona Dr., 
Harband, Iser, Upper Bag’a House Anton 
Kawas, Jerusalem, Palestine 
Hawk, L. C., c/o Penn-Dixie 

Corp., Nazareth, Pa. 


Cement 


Herbst, Geo. J., Jr., ¢/o Central Concrete 
Co., 2231 Papin St., St. Louis 3, Mo. 
Haynes, David H., 3847 N. Ellis, Corona, 

Calif. 

Hooke, Albert C., P. O. Box 61, Hinton, 
W. Va. 

Humphreys, Marion, 2544 S. Lafayette, 
Denver, Colo. 

Jahlstrom, I. O., 2783 Harkness Way, 
Sacramento 14, Calif. 

Jaillite, W. Marks, c/o McKinley Transit- 
Mix Concrete Co., Bldg., 
Greeley, Colo. 

Janes, Milo F., 450 Park Ave., Leonia, 
N. J. 

Jensen, Albert P., Jr., 8434 8S. W. 56th 
St., Portland 1, Ore. 

Jorgensen O, J., 1201 News Tower, Miami, 
Fla. 


Coronado 
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Kaufman, David M., 19 W. Mosholu 
Parkway, New York 67, N. Y. 

Knowlton, Ezra G., P. O. Box 1164, Salt 
Lake City 10, Utah 

Kolle, ‘Erik, c/o Juta Ward, “Reina” Mt. 
Martha, Melbourne, Australia 

Korth, Donald W., Universal Atlas 
Cement Co., 630 Brown Marx Bldg., 
2000 First Ave., Birmingham 3, Ala. 

Lane, Norman E., 2555 Holly St., Denver, 
Colo. 

Laugenour, Kenneth C., P. O. Box 828, 
Woodland, Calif. 

Lea, F. M., Building Research Station, 
Garston, Nr. Watford, Herts, England 
Leffel, R. E., 728 10th St., Boulder, Colo. 
Mackenzie, Alexander W., 3301 Parkdale 

Rd., Cleveland Heights 21, Ohio 
Mackintosh, Albyn, 306 N. Vermont Ave., 
Los Angeles 4, Calif. 
Manohar, M., International Engineering 
Co., P. O. Box 356, Denver 1, Colo. 
Martin, J. Gardner, 371 Piper Blvd., 
Detroit 15, Mich, 
Mason, Clyde P., 507 
Lexington, Ky. 
McGuinness, Wm. J., 
Brooklyn, 5 N. Y. 
Mendenhall, Irvan F., 672 8. Lafayette 
Park Place, Los Angeles 5, Calif. 

Metz, C. A., 224 S. 
Chicago 4, II. 

Miard, H. T., ¢/o Department of Trans- 
port, Post Office Bldg., 
Alberta, Canada 

Parker, C. C., 63 John St. S., Hamilton, 
Ont., Canada 


Lafayette Ave., 


Pratt Institute, 


Michigan Ave., 


Lethbridge, 


Patterson, Raymond, c/o Intrusion Pre- 
pakt, 80 I. Jackson Blvd., Chicago 4, 
Il. 

Peres L., Hugo, Box No. 4, Barquisimeto, 
Venezuela, S. A. 

Poe, Stephen, Central City, Colo. 

Raju, D. S., International Engineering 
Co., P. O. Box 356, Denver 1, Colo. 
Rangarajan, V. A., International Engi- 
neering Co., P. O. Box 356, Denver 1 

Colo. 
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Rao, P. V. N. K. V., International Engi- 
neering Co., P. O. Box 356, Denver 1, 
Colo. 

Rao, R. C., International Engineering Co., 
P, O. Box 356, Denver 1, Colo. 

Reiner, Paul L., 220 Camilo Ave., Coral 
Gables 34, Fla. 

Roberts, Harrison H., Moffat, Nichol & 
Roberts, 707 S. Hill St., Los Angeles 14, 
Calif. 

Robertson, Robert E., 130 W. Hamilton 
St., Baltimore 1, Md. 

Rosecrans, E., 410 Areadia Drive, San 
Pedro, Calif. 


Ruderman, James, 86-60 105th St., 
Richmond Hill, L. I., N. Y. 
Runciman, George, 612 Lloyd Bldg., 


Seattle 1, Wash. 


Schlintz, Harold H., Kaiser Engineers, 
Inc., 1924 Broadway, Oakland 12, 
Calif, 


Schoell, W. D., Route 3, Wayzata, Minn. 

Segal, Eliezer, 18 Adler St., Jerusalem, 
Palestine 

Seshadri, A., International Engineering 
Co., P. O. 356, Denver 1, Colo. 

Sheldon, Arthur N., 1038 Hospital Trust 
Bldg., Providence 3, R. I. 

Sibler, Charles J., c/o W. Va. Pulp & 
Paper Co., 230 Park Ave., New York 
LZ, iy Be 

Souther, William, H., P. O. 
Sunnyside, Wash. 


Box 270, 


Spaman, Andres H., 2480 Lothrop Ave. 
Detroit 6, Mich. 


Stone, William <A., 1507 American 
National Bank Bldg., Kalamazoo 4, 
Mich. 


School of 
South 


Sumwalt, Robert L., Dean 


Engineering, University of 

Carolina, Columbia, 8. C. 
Sutherland, R. H., Colfax, Wash. 
Sweet, Harold S., Joint Highway Research 
Purdue University, W. 
Lafayette, Ind. 


Project, 


Switzer, Elmo G., P. 
Calif. 

Thomas, J. I., 1660 E. Hyde Park Ave., 
Chicago, Ul. 


O. Box 186, Corona, 


Twining, Fred W., P. O. 
Fresno 16, Calif. 

Wallace, Geo. B., 
Denver 10, Colo. 

Weitschat, A. D., c/o Azusa Rock & 
Sand Co., P. O. Box 175, Azusa, Calif. 

Welsh, J. G., c/o Cementation 8. (Africa) 
Ltd., Bentley Park, c/o Post Office, 
Bank, Transvaal, 8. Africa 

Whittlesey, Harold C., 525 N. Normandie 
Ave., Los Angeles 4, Calif. 

Winn, J. B. L., 10 Wyatt Park Mansions, 
Streatham Hill, London 8S. W. 2, 
England 

Wisniski, William H., 17 
Kennewick, Wash. 


Box 1472, 


1616 8S. Elizabeth, 


Monroe St 


Effective July 1, 1947 
Aceti, Lewis L., 4731 
Ave., Detroit 13, Mich. 
Anderson, J. R., 3814 Fletcher Drive, Los 
Angeles 41, Calif. 
Bailey, Joseph S., 820 Harney, Laramie, 
Wyo. 
Bartlett, Virgil C., Ideal Cement Co., 
Devil’s Slide, Utah 
Bayless, O. A., Oklahoma 
Cement Co., Ada, Okla. 
Beam, Donald C., c/o The Carter Con- 
Co. Ltd., 419 Cherry St. 
Toronto, Ont., Canada 


Fischer Ave., 


Portland 


struction 


Born, Harry E., Colorado Portland 
Cement Co., LaPorte, Colo. 

Boyle, Thomas F., 2621 
Alameda, Calif. 

Branch, Architects Bldg., 
University of Illinois, Urbana, Il. 

Brickler, A. R., 318 Golf View Rd. N. W., 
Atlanta, Ga. 

Brunson, Willard W., 2314 W. 13th Ave., 
Denver, Colo. 

Burkett, A. D., Box 77, Trident, Mont. 


308, 


Otis Dr. 


James E., 


Candela, Felix, Altamirano 122, 
Mexico D. F., Mexico 

Davis, Edgar H., Davis Ripley & Asso- 

ciates, Williamson Bldg., 
Alberta, Canada 

Fox, Frederick J., 825 W. 
New York 25, N. Y. 


Edmonton, 


End Ave., 
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Galindez, Carmelo, Silva 703, Parada 
221%, Santurce, Puerto Rico 

Graves, Alex H., 10 
Toronto, Ont., Canada 

Gregg, John D., P. O. Box 110, Whittier, 
Calif. 

Haear, Bedrich, 
Dejvice, Czechoslovakia 


Rd., 


Kingston 


Solinova 7, Prague- 

Harding, Edward C., Times Star Tower, 
Cincinnati 2, Ohio 

Hargis, Joe T., Arkansas Portland Cement 
Co., Okay, Ark. 

Hickethier, Carlos F., Azcuenaga 1183-93, 
Buenos Aires, Argentina 

High, L. G., Bridge Designer, Mississippi 
State Hwy. Dept. Jackson, Miss. 

Holeomb, G. W., Dept. of Civil Engi- 
neering, Oregon State College, Corvallis, 
Ore. 

Houseman, John A., 1708144 Commerce 
St., Dallas 1, Texas 

Kellberg, F. W., 320 Market St., San 
Francisco 11, Calif. 

Kennedy, John J., Jr., Office of the Divi- 
sion Engineer, Division Materials Test- 
ing Laboratory, P. O. Box 51, Marietta, 
Ga. 

Kennedy, Patrick J. Jr., Smiths Ferry, 
Holyoke, Mass. 

Knouse, Samuel B. Jr., Pacific Islands 
Engineers, Contract NOy 13626, Guam, 
M. I. 

Kuhl, 8S. N., 3100 Broadway, Apt. 25, 
New York 1, N. Y. 

LaMonaca, Joseph 8S., 109 S. Duke St., 
Lancaster, Pa. 

Laughlin, Robert J., U. S. Bureau of 
Reclamation, Columbia Basin Project, 
Ephrata, Wash. 

Lee, F. A., 6632 Lindy Lane, Houston, 
Texas 

Levine, Albert, 25 W. 43rd St., New York 
Mm. Y. 

Liggett, Arwood F., 
Materials Inc., Station 
Cincinnati 11, Ohio 

Louie, Man Goo, 1818 10th St., Berkeley 

~ 2, Calif. 


Hilltop Bldg., 
L., Box 56. 
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Miller, 
Chicago, II]. 

Perry, Alvin F., 795 
Francisco, Calif. 

Petty, Fred D., Colorado Pre-Mix Con- 
crete Co., 24th & Delgany St., Denver 


5, Colo. 


Lawson, I., 3842 Prairie Ave., 


Pine St., San 


Ray, Carl J., Cinder Concrete Products 
Inc., 1155 W. 5th Ave., Denver, Colo. 
Rensaa, E. M., 
Edmonton, Alberta, Canada 


Garneau Theatre. 
Rodgers, G. H., Ideal Cement Co., Box 
1381, Mobile, Ala. 

Ryan, Alfred J., 1231 First 
Bank Bldg., Denver, Colo. 
Striowski, J. B., City Engineering Dept., 
223 James Ave., Winnipeg, Manitoba, 

Canada 


National 


Tonry, J. R., ¢/o Standard Lime & Stone 
Co., P. O. Box 885, Martinsburg, W. Va. 

Van Hee, A. P., c/o Cia de Petroleo Shell 
de Colombia, Apartado 114, Bogota, 
Colombia, 8. A. 

Wilkas, Bert C., U. S. Bureau of Recla- 
mation, Davis Dam 
Dam, Nev. 

Zelenko, Charles N., 2325 Chester Ave., 
Cleveland, Ohio 


Project, Davis 


Effective August 1, 194? 

Bredt, Clayton B., 2364 Atkins Ave. 
Lakewood, Ohio 

Brown, Frank B., 2300 Chester Ave., 
P. O. Box 5608, Cleveland, Ohio 

Burk, William R., Jr., Associated Archi- 
tects & Engineers, Pan American Bldg., 
New Orleans 12, La. 

Chua, Felipe P., ¢/o Chua Construction, 
71 Sikatuna, Cebu City, Philippines 
Dearborn, Charles H., c/o Chas. H. 

Dearborn & Co., Box 179, St. John, 
N. B., Canada 
Driscoll, G. C., 

Washington, Pa. 


385 Wilbert Ave., 

Haynes, Ben F., 2393 8. York, Denver, 
Colo. 

Heidenreich, E. Lee, Jr., 67 Second St., 
Newburgh, N. Y. 
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Hellings, R. F. H., Cape Portland Cement 
Co. Ltd., P. O. Box 1067, Cape Town, 
S. Africa 

Insley, Herbert, 5402 
Washington 16, D. C. 

Johnson, Robert C., Siesel Construction 
Co., 514 E. Ogden Ave., Milwaukee 2, 
Wis. 

Karpinski, Anthony J., 253 Steuben St., 
Pittsburg 20, Pa. 

Klaver, W. B., P. O. Box 272, Kingman, 


Earlston Drive, 


Kans. 
MeNee, T. L., General Industries, Ine., 
1505 Walnut St., Philadelphia 2, Pa. 


Murray, V. S., 357 Cortleigh Blvd., 
Toronto, Ont. 
Nadirshah, E. A., The Concrete Asso- 


ciation of India, 20 Hamam St., Fort, 
Bombay, India 
Nokin, Max, 


Cimenteries & 


Managing Director, 


sriquete ries, Reunies, 3 
Montagne du Pare, Brussels, Belgium 
Peterson, G. Raymond, George Peterson 
Inc., 601 William St., Harrison, N. J. 
Plymale, Orval P., 13510 Gainsboro Ave., 
East Cleveland, Ohio 

Rusch, Hubert, e/o Dykerhoff-Widmann 
K-G, Munich Bavaria, Germany, Amer- 
ican Zone 

Schick, Robert A., E. 1208 Thurston Ave., 
Spokane 10, Wash. 

Simonds, A. Warren, 1024 8. Josephine 
St., Denver 9, Colo. 

Smith, Arthur R., 3031 Sedgwick St. 
N. W., Washington 8, D.C, 


Sturgill, W. Stephen, Jr., Box F-2, 
Wickenburg, Ariz. 
Szalay, Joseph F., 3818 W. 133rd_ St., 


Cleveland, Ohio 
Walters, M. .. 
Ltd., 
Columbus 15, Ohio 


Alden FE. 
630 FE. 


Stilson «& 


Associates, Broad St., 


Contributing Members 


Levine, David, 25 W. 43rd St., New York 
is. N.Y. 


Corporation Members 

Australia, Council Scientific & Industrial 
Research, Bldg. Materials 
Graham Rd., Highett 8. 
Australia (lan Langlands) 


Research, 
21, Victoria, 


1650 3S. 


Terminal 


Blue Diamond Corporation, 
Alameda St., Box 2678, 
Annex, Los Angeles 54, Calif. 

Canada Dept. of Public Works, Testing 
Laboratories, Ottawa, Ont., 
J. W. Lueas 

Corbett, Tinghir & Co., Inc., 15 Moore 
St., New York 5, N. Y. 

(Edward M. Corbett 

Fraser-Brace Engineering Co., Ltd., Room 
1910, Roval Bank Bldg., 360 St. James 
St., W., Montreal 1, Que. 

(A. T. Erie Smith 


Canada 


Hoejgaard & Schultz A/S, 9 Ewaldsgade, 
Copenhagen N, Denmark 
(IX. Hoejgaard 

Mack Construction Co., Ine., 101 Ocean 
St., Cape May, N. J. (Rudolph 8. 
Maecioechi 


National Harbours Board, West Block, 
Ottawa, Ont. (J. E. St. Laurent 
Rinker Materials Corp., 705 Railroad 


Ave., W. Palm Beach, Fla. 
Square Grip Reinforcement Co. 
Ltd., 20, Ashley Place, 

London, 8S. W. 1, England 
man 

Vibro-Plus Corp., 243 W. 55th St., New 
York 19, N. Y. (Erie Fridh 


London) 
Victoria St., 


I. Ek. Hen- 


Junior Members 

Anderson, R. W., 55 Abbott St., Beverly, 
Mass, 

Benedetti, Osear, 28 
BN. %. 

Dougherty, Charles Nelson, 211 Wyoming, 
Billings, Mont. 

Blas, Este 12, No. 293—El 

Conde, Caracas, Venezuela, S. A. 

Dale, 29 

Toronto, Ont. 


Belle Ave., Troy, 


Lamberti, 


Lea, Norman Boustead Ave., 

Norman, Dudley G., P. O. Umgeni Dam, 
Durban, Natal, S. Africa 

Herbert F., 14 
Jerusalem, Palestine 

Ricketts, Robert E., 6222 Kenwood Ave., 
Chicago 37, Ill. 


Reem, Redak St 


” 


Rusche, Frederic, 3721 Chippewa, Detroit 
21, Mich. 
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Salgado, Joseph F., Institute of Inter- 
American Affairs, Box 35, Port-au- 
Prince, Haiti 

Skalak, Richard, Dept. of Civil Engi- 
neering, Columbia University, New 
York 27, N. Y. 

Vollmer, Alberto J., 28 Belle Ave., Troy, 
ae 

Student Members 

Altan, Fehiman, Teknik Universite 451, 
Istanbul, Turkey 

Baher, Zaher, 11 Sekket El Chabouri, FE] 
Helmia E] Gedida, Cairo, Egypt 

Barcus, C. Harold, 920 W. Church St., 
Champaign, III. 

Bennett, B. R., 1847 Jane St., Weston, 
Ont., Canada 

Benson, William E., 
Champaign, Ill. 

Brandt, Paul C. H., 210 W. John St., 
Champaign, Ill. 


408 W. Healey 


Breiterman, Serge, Av. del Brasil 


Havana, Cuba 


211, 


Carranza F., Octavio, Calle Galreston 
No. 16, Col. Napoles, Mexico, D. F. 
Cohn, Norman K., 6334 S. Rosebury, 

Clayton 5, Mo. 
Cott, Samuel M., 216 
Rockaway Beach, N. Y. 
Cruz, Aauro M., 119 Altura, Santa Mesa, 
Manila, Philippines 
Fischer, Ned E., 2204 N. 
Wauwatos 13, Wis. 
Gassman, Walter T., Box 121, Rockaway 
Beach, Calif. 


Beach 87 St 


66th St., 


Giroux, Clayton R., Columbia Falls, 
Mont. 
Gouda, Mohamed, 740 Riverside Dr., 


New York, N. Y. 
Heger, Frank J. Jr., Box 93, M. I. T. 
Dormitories, Cambridge 39, Mass. 
Hoodwin, Herbert Jonathan, R. No. 1, 
Bridgman, Mich. 
Jacus, Willis A., 4615 
Minneapolis, 7 Minn. 


Cedar 


Ave., 


_Jaen, Eloy E., P. O. Box 1900, University 
Station, Austin, Texas 
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Jefferies, Ross M., 1135 
Calgary, Alberta, Canada 

Jones, Ralph C., 301 
Champaign, III. 

Jubb, George F., 18 Detroit Drive, Apt. 3, 
Rensselaerwyck, Troy, N. Y. 

Mohamed Tarik, Faculty of 
Engineering, Fouad el-Awal University, 
Giza, Cairo, Egypt 

Kolb, Harold H. H., 807 Maryland St., 
Columbia, Mo. 

Lee, Hwa-Ni, 508 12th 
Minneapolis 14, Minn. 
Lu, Wen-Fa, 332 S. 

Arbor, Mich. 
Matlock, Hudson, 710-A Barton Springs 
Rd., Austin, Texas 


10th St. E,, 


Chalmers St., 


Katib-el, 


Ave., S. E. 


’ 


Division St., Ann 


McLaughlin, James Robert, Box 711, 
Bismarck, N. D. 
Mulligan, Robert D., 166-37 89 Ave., 


Jamaica, N. Y. 

Norman, Arvid N., R.R. No. 1, Seottland, 
Il. 

Pomeroy, Eltweed George, 4810 8th Ave., 
Sacramento, Calif. 

Schroeder, Howard E., 3728 N. 14th St., 
Milwaukee 6, Wis. 

Serwatkiewiez, Robert E., 5324 Mddy St., 
Chicago 41, Il. 

Springman, A. J., 1129 State St., Alton, 
Ill. 

Stifler, EF. Royston, Jr, 754 No. 
Conowingo Rd., Bel Air, Md. 

Van Zee, Elbert F., 1270 
Sacramento, Calif. 

Varian, Edith M., 3170 W. 36th Ave., 
Denver 11, Colo. 

Volp, Clarence Robert, 3010 45 Ave. 5., 
Minneapolis 6, Minn. 

Wheeler, James B., 393-D Deep Eddy 
Apts., Austin, Texas 

Wyruchowski, IX. P., M. I. T. 
Cambridge 39, Mass. 


32nd. St., 


Dorms, 


Zamorano, Luis Ramirez Jr., Santa 
Gertrudis No. 68, Col. Industrial, Mex- 
ico, D. F., Mexico. 
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Honor Roll 


February 1, 1947 to August 1, 1947 





Newlin D. Morgan leads the Honor 
Roll at the half-way mark, August 1, with 
Robert F, 
Blanks is second with 9% credits. 


S. J. Warberg 
eee +P 
Wilbur H. Chamberlain 
Joseph Coel.... 


credit for 13 new members. 





Newlin D. Morgan 13 R.A. Crysler. ap 

Robert F. Blanks. 9’2 HL. F. Gonnerman 

C. A. Hughes. .... S Harry D. Jumper. 

Alberto Dovali Jaime. .. 8 Donald G. Kretsinger 
John C. King . 8 Oliver H. Millikan......... 
Jack A. Crofts Sati. white tekis ‘oan Clarence Rawhouser.... 
Henry L. Kennedy 7 John C. Sprague.......... 
E. W. Thorson 7 HI. D. Sullivan... 

Maurice G. Roux. . BS J. W. Tinkler rs. 
Elmo C. Higginson 6 Paul W. Abeles. . 

F. N. Menefee. . 6 Peter J. Allen. 

Howard R. Staley 6 Jacob S. Aronow 

Stanton Walker 6 Hugh Barnes. . 

M. H. Honour 5 H. L. Bowman. 

Warren Raeder 5 Ernest W. Burke 

Miles N. Clair. 47% Julian B. Carson. 

Robert L. Mauchel 446 Wé=eMisher Conc... 

Lewis H. Tuthill 4°. J. Chamberlin, 

David V. Lewin 4 H. F. Clemmer..... 

Dean Peabody Jr. 4 Aloysius E. Cooke... 

R. H. Sherlock 4 William A. Cordon. . 

John G. Dempsey 3/4 Dale L. Crippen... 

R. W. Morris. 32 Harmer E. Davis......... 
A. Amirikian. 3 


Ray C. Giddings 

E. Gonzales-Rubio 
M. J. Hawkins 
John J. Mullen 

I. S. Rasmusson.. 
Ray A. Young... 
Jerome M. Raphael 
M. A. Arnold. 
Carlos D. Bullock 
W. A. Carlson. 

T. C. Kavanagh 
Ben. J. Many 
James A. McCarthy 
Harmon S. Meissner 
Richard C. Mielenz 
Walter H. Price 

R. D. Rader 

Wm. H. Thoman 
H. F. Thomson 


NNNNNN NN NN NNN WwW we Ww Ww 


Hardy Cross.. 


Edward EK. Evans. 
William E. Fett 


I. I. Fiesenheiser 


Robert W. Freeman. . 
Athol C. Garing... 
H. J. Gilkey 

Emil A. Gramstorff. . . 
L. EK. Gregg. o° 

ernst Gruenwald. 

E. F. Harder.... 
Alton S. Heyser 
Lawrence R, Hjorth 
Edward L. Howard. 
Fred Hubbard. .. 
Carll W. Hunt 

James H,. Jacobson. 
Max Jamison... . 
John J. Kelley... 
George J. Kerekes 
Lane Knight 


_—_ — — — = BRD 
N 


ee ee ee a aa ieee 
a a ee 


oN tw 


ON wo 


nw 


w\ 


1% 


tS 


» KO WN DO Ww 


to tw 


N 








10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Luis A. Pietri Lavie. . 1 
David Levine........ 1 
I a aide odds cc wbace ss l 
Frederic Theodore Mavis............1 
Thomas J. McClellan. . yi 
James E. McClelland. . . chy! I 
Duncan McConnell................. 1 
MPT cs cats sccczees 1 
Douglas McHenry......... 1 
CS rs | 
a ob ae ew oe ee l 
Leonard J. Mitchell... .. Se ee 1 
rere l 
Ee ere 1 
ee l 
Douglas E. Parsons... sari wis oa 
ee 1 
ON 88s Se ~ I 
ee 1 
2, oo 2 1 
Theodore O. Reyhner... l 
ee ee l 
Alexander P. Rodionov.. . 1 
Oe Ss 1 
I eS et Poh eis vo 1 
nets SUG. 2... ee ee 1] 
Beste PUOTIOGIE. o.oo ces 1 
Lionel Sprung... . | 
Se RIIIN ooo: < idle. 6 .6-a:s's 4 00a ooh 1 
J. B, Giatiing ...... eos, I 
Jonm Ti. Swerdieger.................1 
L. A. Thorssen......... I 
Jomm Tucmer Jr............ 1 
Frederick N. Weaver.......... a 
8 oe 1 
Sn ee ‘s 1 
Alexander H. Yeates........ 1 


The following credits are in each in- 
stance, ‘50-50” with another Member. 


Fred G, Allison 

C. V. Antenbring 
Eduardo A. Arnal 
Joseph Avant 

8. B. Barnes 
Emanuel Ben-zvi 
N. K. Berry 

J. M. Breen 

C,. P. Brzozowicz 
Jose Luis Capacete 
John H. Cassidy 
A. D. Ciresi - 
John W. Cook 
Rolland Cravens 
Edgar A. Cross 

E. H. Darling 

EF. Davis 

G. E. Davis 
Joseph Di Stasio 
H. G, Doidge 


Atahualpa Dominguez 
C. Martin Duke 
Clarence W. Dunham 
John R. Dwyer 
Harry Englander 

A. V. Farley 

Rudolf Fisch] 

P. J. Freeman 

Frank M. Fucik 

A. W. Hicks 

Leonard C. Hollister 
Robert B. Hyslop 
Frank H. Jackson 

M. E. James 

Paul A. Jones 
William R. Kahl 

R. R. Kaufman 
Thomas B. Kennedy 
Wm. J. Krefeld 
Arthur Krueger 


T. R. S. Kynnersley 

Clarence L. Laude 

Wm. Lerch 

Raul Lucchetti 

H. St. J. R. de Lys- 
Gregson 

M. F. Macnaughton 

George A. Mansfield 

Bryant Mather 

D. W. McLachlan 

H. H. McLean 

Ernest W. McMullen 

R. E. Mills 

R. M. Moorhead 

John R. Morris 

Wm. D. Nowlin 

Ben EF. Nutter 

Calvin C, Oleson 

Fr. W. Panhorst 

Henry A. Pfisterer 

Ernest Pichel 

James A. Polychrone 

Herman G. Pratze 

Walter F. Rasp 

Carl F. Renz 

Ross M. Riegel 

Manuel Ray Rivero 

Henry R. Schaefer 
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Herman Schorer 

H. H. Scofield 

E. W. Scripture Jr. 
Ralph L. Shelton 
Aubrey B. Sleath 

I. Copeland Snelgrove 
M. A. Swayze 

T. Thorvaldson 

A. G. Timms 

Frank Sweeney Tuck 
I. L. Tyler 

Maurice P. Van Buren 
Jose Antonio Vila 
Charles A. Vollick 
James D. Wall 
Donald R. Warren 
Stewart F. Weikel 
Alexander Weinbaum 
Lk. C. Wenger 

Arthur J. Widmer 

G. M. Williams 
Walter I. Winner 
George Winter 

Leslie P. Witte 

Harry C. Witter 
Silas I oodard 
Kenneth B. Woods 
Roy R. Zipprodt 





Membership ratifies convention 
action in adopting revised Code 
and By-Laws changes 

Action of the 48rd Annual Convention in 
the adoptic n of “Building Code Require- 
ments for Reinforced Concrete (81L8-47)” 
was ratified by an overwhelming majority 
of ballots canvassed June 28, 1947. The 
revised code appears on p. 1 of this Jour- 
NAL and is available in separate covers at 
50 cents. 

Also ratified was the convention action 
changing By-Laws to provide for the re- 
constitution of the Board of Direction and 
for increases in dues rates effective July 1, 
1947. 


formal notice on p. 17 of this News Letter. 


The new rates are set forth in the 


William Lerch given Sanford E. 
Thompson Award 

The sixth Sanford E. Thompson Award, 
given by the American Society for Testing 
Materials to the author of a paper of out- 
standing merit on conerete and concrete 
Lerch 
Mr. Lerch, an 
ACI Member since 1945, is Manager of 
the Department of Applied Research of 
the Portland Cement 


aggregates, was given to William 
of Chicago on June 18. 


Association. 

The award was presented personally by 
Mr. first 
ASTM Committee on concrete and con- 


Thompson, chairman of the 
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crete aggregates, for whom it was named. 
Presentation was made at the Atlantic 
City convention of the A.S.T.M. 


Mr. Lerch’s paper, first published as 
Bulletin No. 12 of the Portland Cement 
Association, was entitled, “The Influence 
of Gypsum on the Hydration and Proper- 
ties of Portland Cement Pastes.’”’ Mr. 
Lerch reported the results of physical 
tests made during years of exhaustive re- 
search, showing that strengths for many 
cements could be increased, and contrac- 
tion on drying or the expansion in water 
storage decreased, by adding more gypsum 


than is permitted by current specifications. 


Herbert K. Cook 


was recently designated Chief of the Con- 
crete Research Division of the Waterways 
Experiment Station, Clinton, Miss., re- 
placing Charles E. Wuerpel who has ac- 
cepted a position with the Inter-American 
Construction Company as the expert on 
concrete of the Comision Technica Norte- 
americana in Buenos Aires, Argentina.* 


Mr. Cook has been associated with Mr. 
Wuerpel in concrete testing and research 
in the Corps of Engineers since August 
1935, when he was employed as chemist 
in the Concrete Laboratory of the Passa- 
maquoddy Tidal Power Project in East- 
port, Maine. In March 1937 Mr. Cook 
joined the staff of the Central Concrete 
Laboratory of the North Atlantic Division 
at the U. S. Military Academy, West 
Point, New York. Mr. Cook served as 
head of the Cement Section of the labora- 
tory and later, after the Central Concrete 
Laboratory had been transferred to Mount 
Vernon, New York, he became Assistant 
to the Engineer-in-Charge. Upon de- 
activation of the Central Laboratory, Mr. 
Cook was transferred to the Concrete Re- 
search Division, Waterways Experiment 
Station, Clinton, Mississippi, and, since 
its establishment on 1 July 1946, has 
served as Assistant Chief of the Division. 
He has been a member of ACI since 1944, 


*See p. 8, June 1947, News Letter. 


Big opportunity in a small job 
Working on a small construction job 
or with a small engineering organization 
frequently offers to the new engineering 
graduate greater opportunities for pro- 
fessional development than does a job on 
one of the bigger construction projects. 
With a small organization the young en- 
gineer is thrown into intimate contact 
with all phases of the operation—specifi- 
cations, purchasing, inspection, survey and 
planning. In large organizations, where 
specialists predominate, it is not unlikely 
that the cub must be content with a single 
task, such as plotting cross-sections or 
giving line and grade. Looking toward 
the future, the young engineer will find 
that there is greater likelihood of applying 
the general know ledge acquired on a small 
job to a large one than to fit the specialized 
experience of a large job to a small one. 
There is a great advantage in starting 
where you can assume responsibility early. 


Eprroria, Engineering News-Record, June 26, 1947 


Separate prints of JOURNAL papers 


In spite of the note at the top of the 
first page of every JoURNAL paper, and 
frequent references to them in the News 
Letter, many Members do not seem to 
realize that most of our recent papers are 
available in separate prints. 

Inventories of some papers will remain 
unchanged for sometimes two or three 
years. Then something will stimulate the 
sale of a particular paper, perhaps a ref- 
erence to it in another paper of the Jour- 
NAL, perhaps a reference in another pub- 
lication, and there will be a spurt in the 
sales of that paper sometimes exhausting 
the supply. If the demand is great enough 
a paper out of stock can be reproduced by 
lithoprinting to restock it. Such was the 
case of “Charts and a Direct Method for 
Design of Cantilever Retaining Walls” by 
William A. Jones, which appeared in the 
September 1943 JouRNAL. 

A study of synopsis pamphlets extend- 
ing back to 1938 might reveal to many 
readers, new Members especially, a long 
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list of papers on subjects of great value to 
the engineer, architect or constructor 
which they did not know were available. 
These synopses pamphlets may be ob- 
tained on request to the Secretary. 


Panel heating 

The newly appointed committee on 
panel heating of the American Society of 
Heating and Ventilating Engineers re- 
cently held an all day session at the so- 
ciety’s research laboratory in Cleveland, 
Ohio, as the first step in the ASHVE 
panel heating research program. 

Members of the research laboratory staff 
reported results of a review and critical 
analysis of published data on the design of 
panel heating and presented a summary of 
a field survey on the subject. 

The committee designated four principal 
divisions for future research on the subject 
to include heat distribution within and be- 
hind the panel, heat transfer between the 
panel and the space, comfort conditions 
and controls. Each of these four divisions 
will become the responsibility of a special 
committee. 

The ASHVE has also compiled a biblio- 
graphy on panel heating which should be 
of value to architects and engineers who 
wish to make an analysis of published 
literature on that subject. 

Requests for copies of the bibliography 
should be addressed to L. P. Saunders, 
Chairman, Committee on Research, Amer- 
ican Society of Heating and Ventilating 
Engineers, Research Laboratory, 7218 
Euclid Ave., Cleveland 3, Ohio. 


Lightweight concrete 

Novel developments in light weight 
concretes and prefabricated panels are de- 
scribed in an Office of Technical Services 
report on German building materials by 
the British Intelligence Objectives Sub- 
Committee. 

Lightweight foamed concrete made by 
the hydrogen peroxide process was con- 
sidered one of the most interesting devel- 
opments in German building materials. 
This process was patented by Deutsche 
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Gold-und-Silberscheid Anstalt which also 
sponsored research on foamed plaster and 
nailable foamed concrete made with paper 
pulp. The hydrogen peroxide process 
was said to be simpler and easier to con- 
trol than the aluminum powder process for 
making foamed concrete. The bubbles 
formed by liberated gases were more uni- 
form in size and the process could be used 
with any type of cement and under ordi- 
nary temperature conditions, the investi- 
gators report. The cost of the hydrogen 
peroxide process was slightly higher than 
the aluminum powder process. Other 
German foamed concretes were made with 
“Tporit”’, an I.G. Farbenindustrie product 
employing a sulphonic acid wetting agent, 
and the Asmus process which produced 
a foam with 10 percent aluminum powder 
and 90 percent calcium carbide. 

Another outstanding building material 
found in Germany was the Schaefer slab, 
a precision-made composite concrete said 
to be quite different from any material 
used in the United States or Britain. The 
slabs were lightweight hollow core pumice 
concrete covered with a dense concrete 
coat. Twisted pretensioned wires were 
embedded in the coating for reinforcement. 
The slabs were made in 30 and 50 em 
widths and in varying thicknesses by an 
ingenious machine which produced léngths 
up to 180 m. Pieces of the degired length 
were sawed from the completed slab. The 
Schaefer slab was used for floors, roofs 
and walls. Buildings made from this 
material with simple mortared joints were 
found to provide good insulation and re- 
sistance to dampness. 

Developments in slag cement and light 
weight concrete manufacture, including 
the Schaefer slab, are described in Slag 
Cements and lightweight concretes (PB- 
67458; photostat, $4; microfilm, $2; 59 
pages, including photos). 

Orders for these reports should be 
addressed to the Office of Technical Serv- 
ices, Department of Commerce, Washing- 
ton 25, D. C., and should be accompanied 
by check or money order, payable to the 
Treasurer of the United States. 
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Roy R. Zipprodt 


The untimely death of Roy R. Zipprodt, 
ACI Director Second District and Mem- 
ber since 1920, is a great loss to the In- 
stitute. He was an active and seemingly 
untiring worker in Institute affairs—a 
man who would not only conceive and 
propose an Institute project but one who 
would at the same time volunteer to do 
the greater share of the work on that pro- 
ject. He is probably best known in the 
Institute for his many years as secretary 
of Committee 318-Standard Building 
Code. He was elected Director, Second 
District in 1946. From 1939-41 he was a 
member of the ACI Publications Com- 
mittee. 

At the time of his death Mr. Zipprodt 
was research and consulting engineer, 
Committee on Reinforced Concrete Re- 
search, American Iron and Steel Institute. 

A graduate of the University of Illinois, 
he had long experience in concrete research 
and design, including a number of years in 
private practice and in the field of research 
with the Emergency Fleet Corporation 
and the National Bureau of Standards. 
Subsequently, he was regional structural 
engineer with the Portland Cement Asso- 
ciation and later associate professor of 
civil engineering at Columbia University. 
During World War II he was connected 
with the Military Planning Division of the 
Office of the Quartermaster General in 
Washington, where he was in charge of 
standardization and simplification, partic- 
ularly with regard to the conservation of 
strategic and critical materials. 

He was author and co-author of several 
publications on the technical aspects of 
reinforced concrete construction, In 
addition to ACI he held membership in 
the A.S.C.E.; Engineers Club of New 
York; Society for Promotion of Engineer- 
ing Education and Sigma Xi, an honorary 
engineering society. 


Model township building code 
The Secretary’s office has received a 
copy of the Michigan Planning Commis- 


sion’s Model Township Building Code for 
one- and two-family dwellings, developed 
with the aid of an advisory committee 
during the past two years for the use of 
township and other local officials. 

The ACI Code is adopted by reference 
in the appendix—one more instance in 
which the work of the Institute is being 
recognized by organizations responsible 
for good building construction. 


Report on minimum cover for 
concrete pipe available 

Results of a survey on the load support- 
ing capacity of concrete pipe under mini- 
mum cover conditions, have been pub- 
lished by the American Concrete Pipe 
Association in Bulletin number 73 avail- 
able to Association members at 10 cents 
per copy. 

It reports a series of full scale tests 
under normal field conditions and details 
the behavior of concrete pipe when laid 
close to the surface of the ground and 
subjected to heavy loads applied over a 
Tables of the results of the 
trench tests are included. 


limited area. 


Vermiculite deposits 
analyzed, inventoried 

A report “The Vermiculite Deposits of 
North Carolina”, prepared under state 
and TVA supervision by Thomas G. 
Murdock and Charles E, Hunter, and 
recently published by the Division of 
Mineral Resources, Department of Con- 
servation and Development, available at 
the offices of Dr. Jasper L. Stuckey, State 
Geologist, Raleigh, N. C., is a complete, 
illustrated resume of the history, develop- 
ment, characteristics and possibilities of 
one of the most versatile minor minerals. 
Chief use from major deposits at Libby, 
Montana, and minor open-faced workings 
in North Carolina and Georgia heretofore 
has been as an insulating material in a 
granulated form in building. 

War experiments and uses _ indicate 
vermiculite’s value in many uses, among 
them vermiculite concrete, a relatively 
light building material. 
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Use for old concrete test cylinders 
Harry FE. 


comes an interesting suggestion 


From a former member, 
Thomas, 
on how to dispose of old concrete test 


cylinders which are often the bane of 
testing 


expense and 


laboratories because of disposal 


trouble. 





necessity of 


Faced with the 


pouring a 
concrete retaining wall where the property 
next to his had eaved in Mr 
solved his problem, as 


Thomas 
shown in the photo 
tested 


between 


building the wall of 


cylinders with no mortar 


graph, by 
bye yd 


them. The wall is filled with natural weep 
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holes and has given him perfect service 


lor over six years. 


National Guard seeks man a minute 


The greatest recruiting drive in the 
National 
conducted this fall. 


specific 


history of the being 
Undertaken at the 


direction of Pres 


Guard is 
ident Truman, 
the drive will last for two months, closing 
on November 16 

drive 
will be the enlistment of SS,888 men. Thi 


The immediate objective for the 


is one enlistment each minute during the 
two-month period 

Mach of the 48 states, Hawai, 
Rico, and the Distriet of Columbian have 
been assigned quotas. The 
share of the 
strength of 682,000 
and men. They range from LOO 
for Nevada to 8,100 for New York. 


\ special Certificate of Commendation 


Pure rto 
state objec 


tives are based on then 


Guard’s ultimate 


officers 


will go to all units of the National Guard 


which reach their full authorized strength 
during the period of the recruiting drive. 
At the present 


about 40 pereent of it 


time, the average Guard 


unit ha snuthorized 


strength, 





SYNOPSES of recent ACI Papers and Reports 





oe ge papers of this JOURNAL 

19 which are currently avail- 
od Unless otherwise noted sepa- 
rate prints are 25 cents each. 
Starred ¥%& items are 50 cents or more, 
as indicated. Please order by title 
and title number. 


* BUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE —_ 
ee ccsesnnne 44-1 


REPORTED BY ACI COMMITTEE 318-—Sept 1947 pp. 1 
4(V. 44) in special covers 


Supersedes 43-15 


This code covers the proper design and construction of 
buildings of reinforced concrete. |t is written in such a 
form that it may be incorporated verbatim or adopted by 
reference ina general building code, and earlier editions 
of it have been widely used in this manner 

Among the subjects covered are: Quality of concrete, 
allowable stresses; mixing, placing, curing and cold 
weather protection of concrete, forms, cleaning, bending, 
placing, splicing and protection of reinforcement, con 
struction joints; general design considerations, flexural 
computations, shear and diagonal tension; bond and 
anchorage, flat slabs, columns and walls, and footings 

The “uate and testing of materials used inthe construc 

tion are covered by references to the appropriate ASIM 
standard specifications 


As in JOURNAL Volume 18 these 
columns will carry the synopses of all 
papers and reports, cumulative thru 
the volume year. 


THE FIVE-YEAR TEMPERATURE 

RECORD OF A THIN CONCRETE 

DAM .. 
D, BURKS-—Sept. 1947, pp. 65.76 (CY. 44) 


lemperature in concrete 


structures is of interest mainly be 


cause it is olten a cause of cracking When joints are pro 
vided in a structure, their behavior and the need for grout 
ing are largely a question of temperature Presented 
a thin concrete dam 


of more than live years 


herein is the temperature history of 
of observation 


well as the 


based on results 
The temperature tise of concrete is 
effect of thickness of 


given, as 
section On temperature behavior 


Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near surface temperatures, annual concrete 
temperature variations are given, along with a dis on 
of orientation of structure and the consistent form on fine al 


temperature luctuations 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 


64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 
16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 
16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 
24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 
63 pages In covers: 50 cents per copy. (40 cents to ACI Members) 


| Superseded by (ACI 318-47) but still in large demand because it is incorporated 
in many existing codes| 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 


55 pages, $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 
Reported by Committee 616 as Information and for discussion only. 20 pages, 
25 cents per copy (Reprint trom ACI JOURNAL, June 1942) 
Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from ACI JOURNAL, Nov. 1942) 
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Notice of By-Laws Changes 


Formal notice is hereby given that By-Laws changes, as proposed in 
the January 1947 News Letter and adopted at the 43rd annual convention 
were ratified by the Institute Membership by letter ballot canvassed 


June 28, 1947. 
herewith. 


Article |l—Officers 


Section 1. The officers shall be a President, two 
Vice-Presidents, twelve Directors, and the Secre- 
tary-Treasurer, who with the three latest, living 
Past-Presidents who continue to be members, shall 
constitute the Board of Direction. 

Sec. 2. The President, Vice-Presidents, Direc- 
tors, and five members of a Committee on Nomina- 
tions shall be elected by letter ballot of the Institute 
membership. The Secretary-Treasurer shall be 
appointed annually by the Board of Direction. 


Sec. 3. Before September 15 of each year the 
Committee on Nominations shall, by letter ballot 
of its members, nominate candidates for offices to 
become vacant at the next annual convention and 
twenty candidates for membership on the Com- 

. mittee on Nominations which is to serve in the 
following year and shall transmit the names of all 
candidates thus nominated to the Secretary- 
Treasurer of the Institute. In the selection of can- 
didates for Directors, the Nominating Committee 
shall have due regard for diversity of professional 
and geographical representation. The consent of 
each candidate for office must be obtained before 
notice of his nomination is published. The Secre- 
tary-Treasurer shall cause notice of all such nomi- 
nations to be transmitted to the membership of the 
Institute at least 120 days prior to the next ensuing 
annual convention. Upon petition to the Board of 
Direction signed by at least ten members of the 
Institute, additional nominations for offices or for 
membership on the Committee on Nominations 
may be made within 30 days thereafter. 

The complete list of nominations shall be sub- 
mitted 60 bee before the next convention to the 
Institute membership for letter ballot to be can- 
vassed at 5 p. m. on the first day of the convention 
and the ote 9 announced at. a seasion of the conven- 
tion on the second day. The candidate for any 
office receiving the most votes shall be declared 
elected and the candidate receiving the most votes 
for membership on the Committee on Nominations 
shall be Chairman of that committee; the four 
next highest shall be declared elected members of 
the Committee. ‘ith these five the three Past- 
President members of the Board of Direction shall 
serve, making a total membership of eight. 

Should any member of the Committee on Nomi- 
nations thus chosen fail, within fifteen days of 
formal notice from the Secretary-Treasurer, to 
make written acceptance of service, a vacancy 
shall occur to be filled by the candidate receiving 


the next greatest number of votes and so on until 
the five elected places on the committee shall be 
filled. 

Sec. 4. The terms of office of the President and 


the Secretary-Treasurer shall be one year. At the 
first election after the ratification of these amended 
By-Laws one Vice-President shall be elected for a 
term of one year and one for a term of two years; 
thereafter one each year for a term of two years; at 
the first election after the ratification of these By- 
Laws, three Directors shall be elected for terms of 
one year, three for terms of two years and four for 
terms of three years; thereafter, four each year for 
terms of three years. A year is here construed as 
the period between adjournment of two successive 
annual conventions. 

Sec. 5. The President shall be ineligible for 
more than one re-election to the same office until 


Revised Articles II and IV of the By-Laws are published 


the lapse of at least one term. Vice-Presidents 
and Directors shall be ineligible for re-election to 
the same office until the lapse of at least one year. 


Sec. 6. The term of each officer shall begin at 
the close of the annual convention at which he is 
elected and shall continue until a successor is duly 
elected. 

Sec. 7 vacancy in the office of President 
shall be filled by the Vice-President having Institute 
membership seniority. 

Sec. 8. Vacancy in any office, for the unexpired 
term, shall be filled by appointment by the Board of 
Direction except as provided in Section 7. 

Sec. 9. In the event of disability or neglect 
in the performance of his duty of any officer of the 
Institute, the Board of Direction shall have the 
power to declare the office vacant. 

Sec. 10. The Board of Direction shall have 
general supervision of the affairs of the Institute. 
At a meeting held in the week of the annual con- 
vention it shall appoint a Secretary-Treasurer for a 
term of one year. It shall authorize and appoint 
the chairmen of such administrative and technical 
committees and assign to them such duties and 
such authority as it deems needful to carry on the 
work of the Institute. Additional committee 
members shall be appointed by the President. 

Sec. 11. Thereshall be an Executive Committee 
of the Board of Direction consisting of the Presi 
dent, Secretary-Treasurer, and three of its mem- 
bers appointed by the Board of Direction. 

Sec. 12. The Executive Committee shall man- 
age the affairs of the Institute during the interim 
between the meetings of the Board of Direction. 


Sec. 13. The President shall perform the usual 
duties of the office. He shall preside at the annual 
convention, at the meetings of the Board of 
Direction and of the Executive Committee, and 
shall be ex-officio member of all committees. He 
may name a chairman to serve in his place for any 
sessions of the convention. 

The Vice-Presidents, each in the order of his In- 
stitute membership seniority, shall discharge the 
duties of the President in his absence. In the 
absence of President and both Vice-Presidents, a 
President Pro-Tem, appointed by the Board, shall 
discharge such duties. 


Sec. 14. The Secretary-Treasurer shall perform 
such duties, furnish such bond and receive such 
salary as shall be determined by the Board of 


Direction. 


Article |V—Dues 


Section 1. Dues for the several membership 
classes shall be payable annually in advance from 
the first of the month of notification of the member 
applicant of his election by the Board of Direction 
as follows: Contributing members, $50.00; Mem- 
bers, individuals, in the Dominion of Canada and 
in the United States and its territories and poses- 
sions, $12.50; elsewhere, $10.00; firms, corporations, 
societies or other organizations, $25.00; Junior 
Members, $7.50; Student Members, $5.00; Hon- 
orary Members, none. Any individual member 
may be admitted to life membership upon pay- 
ment of a sum determined by the Executive Com- 
mittee based on 90 per cent of the membership 
dues as established at the time of application, 
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credited with 3 per cent interest compounded 
annually for the applicant's life expectancy as 
arrived at from the American Experience Table of 
Mortality. 

Sec. 2. A member of any grade shall be entitled 
to receive one copy of each issue of the JouRNAL of 
the American Concrete Institute as issued in the 
period of his membership and additional or other 
publications as determined by the Board of Diree- 


Sec. 38. A member whose dues remain unpaid 
for a period of six months shall forfeit the privileges 
of membership and shall be officially notified to 
this effect by the Secretary-Treasurer. If these 
dues are not paid within six months thereafter his 
name shall be stricken from the list of members, 
unless otherwise specifically-ordered by the Board 
of Direction. Members may be reinstated upon 
payment of all indebtedness against them upon the 


tion. books of the Institute. 


According to these By-Laws changes, effective July 1, 1947, Article II 

Officers, provides for reconstitution of the Board of Direction, as follows: 
a President, to be elected for a term of one year with eligibility for re- 
election for one year; two Vice-Presidents—the first year after the a- 
doption of these By-Laws amendments, one for a one-year term and one 
for a two-year term, subsequently, one Vice-President to be elected each 
year for a two-year term, eligible for re-election only after a lapse of 
one year; twelve directors: three to be elected for a one-year term, three 
for a two-year term, four for a three-year term, at the first election after 
the adoption of these By-Laws. Subsequently, four Directors to be 
elected each year for three-year terms, ineligible for re-election without 
a lapse of one year in service; the three latest Past-Presidents who are 
still members of the American Concrete Institute; a Secretary-Treasurer, 
appointed annually by the Board for a term of one year. The Nomi- 
nating Committee shall have due regard in its selection of director 
candidates for professional and geographical representation. 

According to Article IV, effective July 1, 1947, Membership dues 
rates and the non-member subscription price of the JouRNAL of the ACI 
have been established as follows: 


rate per year 


Individual Members in United States and Canada $12.50 
Individual Members elsewhere 10.00 
Corporation Members 25.00 
Contributing Members (no advance 50.00 
Junior Members 7.50 
Student Members 5.00 
Non-Member Subscription, Journal of the 

American Concrete Institute 10.00 
Bound Volumes, Proceedings American Concrete Institute 10.00 
Sound Volumes to ACI Members 5.00 


Bound Volume prices subject to discount of 20 per cent (not 40 per cent 
as heretofore) when paid for in advance of the beginning of their 
manufacture. Publication of Vol. 44, 1948, begins Sept. 1, 1947, 
with the September Journal. Non-Member net paid in advance 
price until Aug. 31, 1947, is therefore $8.00; ACI Members $4.00. 





44" ANNUAL ACI CONVENTION 
Denver—February 23-26, 1948 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the AC] JOURNAL—the pages indi- 
cated will be found in the February 1947 issue and (when it is 
completed) in V. 43, ACI Proceedings. Beginning with the January 
1948 JOURNAL alll issues will be open for advertising. Write for 


details. 
Concrete Products Plant Equipment page 

Besser Manufacturing Co., 902 46th St., Alpena, Mich............0. ccc eeeee. 735 
—Concrete products plant equipment 

Stearns Manufacturing Co., Inc., Adrian, Mich... ..........000ccceceeeeeceece 725 
—Vibration and tamp type block machines, mixers and skip loaders 

en... tow ccuseccecccccéccsacoceccecs 776 
—Concrete x tne block and brick machine vibrators 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 

—Truck mixer loading and bulk cement plants, road machinery, buckets, and 
steel forms 

kdb euetedebaencsees 757 
—DMixing plants, cement handling equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis..............00 ccc cc ceeceuee 762-3 
—hMixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y..........0000 ee 772 
—Concrete vibrator equipment 

Construction Machinery Companies, Waterloo, lowa............00cccceeccuees 745 
—Batching and placing equipment, Jetcrete gun 

Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 
ee aah s bdo aaa Wb cewe bsctetdacesceecessces 759 
—Hauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, Mich...............000cceu cece 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio. ............. 0c c cee cee eees 754 
—Finishing and joint installing machines 

i aaid eben pevuaddicseeces 740 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio..... 6.2.6.2 cece cece een eues 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio..... 6... eee ccc cette eeee 738-9 
—Concrete Paving Equipment 

i i Ci, WEINOIS cccccccccccncccscseccesesescccees 761 
—Automatic mixing plants 

Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois. ...............45. 748 
—Concrete vibrators 

EES SEE 729-3 
—Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa... 2.6... eee ccc eens 788 

rushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y...... 771 
—Form tying devices 

Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois............... 744 


—Forms, form ties, forms systems, bar supports 
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Viber Co., 726 So. Flower St., Burbank, Colif.............ccccccccccccccece 752-3 
—Concrete vibrators 
Worthington Pump and Machinery Corporation, Holyoke, Mass..........2.s00- 770 


—Paving Mixers 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich.......... 792, 794-5 
—Publications about concrete 

Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y...........206- 749 
—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y............0005 773 
—Engineering service for prestressed concrete 

Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass.............00e00e. 746-7 
—Grid system of concrete construction 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Yu..........000 08 728-9 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Blda., 
EMER vo, nab ack o-apaite wan we Ws EL RRR OL PRO EO 731-4 
—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y......-..-..0000. 730 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois.......... 756 
—Thin shell concrete roofs 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa............0eceee 766-7 
—Forms and lifters with suction controlled concrete 

Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.......... 790-1 


—Waterproofing 
Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
—Calcium chloride 


Dewey and Almy Chemical Co., Cambridge 40, Mass..............2.000000s 764-5 
—Air-entraining and plasticising agents 


| 
4 
: 
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Haydite Manufacturers, Buffalo; Kansas City; Toronto; St. Louis; South ; 
Park, Ohio; San Rafael, Calif.; Danville, Illinois. ............. ccc cee eee eee 741 
—Lightweight aggregate 4% 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................. 774-5 “7 
—Curing Compounds j 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois.............205- 724 ; 
—Reinforcing bars P 

Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y...........000 00 726-7 a) 
—Cements and cement performance data i 

Master Builders Co., The, Cleveland, Ohio; Toronto, Ont...............000 777-84 i 
—Air entrainment and cement dispersion 

Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Illinois............. 793 ’ 
—Concrete reinforcing bars : 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J.......... Sms oka Li 
—Waterproofings and densifier | 

Techkote Company, 821 W. Manchester Ave., Inglewood, Calif.............. 760 4 
—Concrete curing compounds 

United States Rubber Co., Rockefeller Center, New York 20, N. Y...... ee 


—Form lining 


Testing Equipment 


Baldwin Locomotive Works, Philadelphia 42, Pa -sane ee 
lesting equipment 
Concrete Specialties Co., Coulee Dam, Wash Shea scaeneaenel 789 


—Testing machines, and equipment for capping t 
Gilson Screen Company, P. ©. Box 186, Mercer, Pa 
—NMechanical testing screens 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller’’ list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price —$3.00, 


to ACI Members— $1.75. 
ACI Standards—1 946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI- 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Farm Silos (ACI 714-46); and two peeeenons Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.25. [Pending the release of a new book of 
standards, this book plus the revised ‘Code™’ (ACI 318-47) in a separate cover are available at 
the price of the book alone. | 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, ‘Tests of Concretes Containing Air-entraining Portland Cements or Air- 
entraining Materials Added to Batch at Mixer,’’ and 61 pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, ‘“Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944, $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI] Committee 611, Inspection of Con- 
crete. It sets up what pas practice requires of concrete inspectors and a background of infor- 
mation on the ‘why’’ of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report’ (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting ‘Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete," represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940; 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore 
word: ‘One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.’’—132 
pages, price $2.00-—$1.00 to ACI members 


For further information wont ACI we ymbership and Publications Cincludin, } pamphl« 
presenting Synopses of r nt ACI papers and reports) address 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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To facilitate selective distribution, separate prints of this title (44-3) are currently’ 
available from ACI at 50 cents each—quantity quotations on request. Discussion 
of this paper (copies in triplicate) should reach the Institute not later than March 1, 1948 
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Cement-Aggregate Reaction in Concrete” 


By DUNCAN McCONNELL?, RICHARD C. MIELENZ’ 
WILLIAM Y. HOLLAND® and KENNETH T. GREENE? 


Members American Concrete Institute 


SYNOPSIS 


The chemical interaction of certain rocks and minerals of aggregate 
with high-alkali portland cements is known to have caused serious dis- 
tress of concrete structures in California, Oregon, Idaho, Arizona, Ne- 
braska, Kansas, Washington, Wyoming, Virginia and New York. Simi- 
lar distress will undoubtedly be discovered in other states. Microscopic, 
microchemical and physical-chemical studies of concrete have revealed 
the detailed characteristics of the deterioration, and make possible the 
distinction of this type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks and minerals 
which are susceptible to attack by cement alkalies. 

The expansion and cracking of the concrete result from osmotic 
pressures developed in alkalic silica gels that are produced by partial 
dissolution of siliceous rock and mineral substances. Laboratory ex- 
periments and calculations indicate that these osmotic pressures exceed 


550 psi. 
INTRODUCTION 


During the past nine years, abundant field and laboratory experience 
has demonstrated that alkalies released during hydration of high-alkali 
portland cements react with certain rocks and minerals of aggregate, with 
consequent deterioration of the concrete. A description of the phenom- 
ena was first published in 1940 by Stanton as a result of experience in 
California,’: + and intense interest was aroused among users and pro- 
ducers of portland cement and aggregate.* Soon thereafter, evidence of 
similar expansion and deterioration of concrete was discovered at other 
structures in California, Oregon, Idaho, Arizona, Nebraska, New York, 
~ @Received by the Institute, May 8, 1947. 


*Formerly head, Petrographie I aboratory; ; “Head, Petrographic Laboratory *Petrographer; and ¢Chemist- 


Petrographer, Engineering and Geological ¢ ‘ontrol and Research Division, U. S. Bureau of Reclama- 
tion, Denver, Colorado. 


+Numbers refer to bibliography at end of text. 
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Fig. 1—Pattern cracking 
caused by cement-aggre- 
gate reaction. Highway 
overpass, Laramie, Wyom- 
ing. 





Kansas, Virginia, Washington and Wyoming (Fig. 1).“'° Among the 
examples of especial interest is the Buck Hydroelectric plant on the New 
River, Virginia, where deterioration was first observed in 1922, ten years 
after construction, and probably still continues. As early as 1935, the 
late Prof. R. J. Holden concluded from petrographic study of the con- 
crete that the expansion and cracking were caused by chemical reaction 
between the cement and the phyllite used as coarse aggregate.® 

Most of the affected structures are located in the vicinity of a rela- 
tively few rivers which carry deleteriously reactive gravels and sands, 
especially the Platte, Colorado and Snake Rivers (lig. 2). Undoubtedly, 
continued investigation will reveal affected structures in other places, 
particularly in the western portion of the United States. 

Because of its concern with design, construction and maintenance of 
hundreds of concrete structures, the Bureau of Reclamation felt the need 
for research directed toward the discovery of: (1) the causes and controls 
of the deterioration, (2) details of the phenomena accompanying the 
deterioration, (3) the characteristics of cements and aggregates which 
contribute to the action and (4) means by which the action could be 
inhibited or prevented. ‘Therefore, in 1940 a program was initiated 
in the Denver laboratories to provide this information, Close coordina- 
tion was maintained with other agencies investigating the problem, 
including the California State Division of Highways, Portland Cement 
Association, State of Washington Department of Highways, National 
Bureau of Standards, University of California, Kansas State College, 
Massachusetts Institute of Technology, Publics Roads Administration 
and several other private and public organizations interested in special 
aspects of the program. 
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Fig. 2—Locations of structures known to be affected by cement-aggregate reaction, and 
rivers known to carry reactive sands and gravels. 


A portion of the Bureau’s research program was concerned with 
microscopic study of concretes affected by the cement-aggregate reaction 
and of aggregates and cements which had participated in the action. 
With passing time, these studies were extended to include chemical and 
physical-chemical studies designed to elucidate the mechanism of de- 
terioration. ‘This paper is intended to summarize the results of the 
detailed microscopical study of concretes affected by cement-aggregate 
reaction, and results of the physical-chemical investigations, which 
heretofore have not been reported. 


Based upon the results of investigations already published, the follow- 
ing facts are known: (1) deterioration results from the interaction be- 
tween certain rock and mineral constituents of the aggregates and 
alkalies released during hydration of high-alkali cements; (2) deteriora- 
tion of concrete and mortar can be prevented or retarded by limitation 
of alkali content (Na,0 plus the soda equivalent of K,O) of the cement to 
0.60 percent or less; (3) the deterioration is caused by expansion and 
cracking, which effect decline in durability, strength and elasticity of 
the concrete or mortar; (4) the rate and magnitude of deterioration are 
influenced by all physical characteristics of the mortar or concrete 
(cement content, water-cement ratio, gradation of the aggregate, etc.) 
and by the conditions of curing and storage (temperature and moisture 
availability) and (5) all mortars and concretes affected by this kind of 
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deterioration contain impure alkalic silica gel within particles of aggregate, 
in voids and cracks in the mortar, or as exudations upon exposed surfaces, 

The mechanism by which the chemical reactions between particles of 
aggregate and alkalies of cement are converted into expansion of the 
mortar or concrete has been interpreted in many ways. As a result of 
early studies, Stanton? first suggested that the expansion resulted from 
attack of alkalies upon rocks containing magnesium carbonate, but his 
later observations indicated the disruptive effects to be at least spatially 
related to secondary alkalic silica gel produced by the chemical reactions 
between cement alkalies and certain siliceous aggregates. Similarly, 
the possibility that the expansion is motivated by crystal growth within 
the cement paste has been considered. In 1944, W. C. Hansen!! sug- 
gested that the expansion and deterioration are effected by osmotic 
pressures within alkalic silica gels.* Detailed investigations summarized 
in the paragraphs which follow substantiate the fundamental concept of 
this hypothesis and throw considerable light on the manner in which the 
mechanism operates. 


PETROGRAPHIC EXAMINATION OF CONCRETE 


Knowledge of the hydration of portland cement and of the setting and 
hardening of concrete is still incomplete, although information is slowly 
accumulating. Various physical methods, including examination with 
the petrographic and metallographic microscopes,'?:'* have been utilized 
in study of hydrated cement and concrete. X-ray diffraction methods" 
and, more recently, electron microscopy':'* have been applied to prob- 
lems of cement hydration, and promise to aid materially in their solution. 
A general review covering the applicability of various methods has 
appeared recently.'’ 

Experience indicates that the phenomena associated with cement- 
aggregate reaction can be studied satisfactorily by means of thin sections 
and the petrographic microscope. The form, extent and distribution of 
features such as microfractures and secondary deposits can be discerned, 
and the identity of most decomposition products determined by thin 
section examination. Thin section study should be supplemented by 
microscopic examination of both freshly fractured surfaces and finely 
ground sections of the concrete. Unfamiliar substances, which are not 
immediately recognized, may require detailed study in refractive index 
oils and by microchemical methods before identification is possible. 
Microscopic study of polished surfaces of hardened concrete has con- 
tributed to study of hydration processes and the constitution of hy- 
drated cement, but this type of study is not so effective for study of 


*The possibility that osmotic pressures might play a role in cement-aggregate deterioration first came to 
the writers’ attention in November 1941. The suggestion was made by Engineer Arthur Brunstad, Bureau 
of Reclamation, Coulee Dam, Washington. 
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phenomena of cement-aggregate reaction, inasmuch as the progress of the 
reaction has not been correlated with visible compositional changes in 
the hydrated cement paste. 

Concrete can deteriorate as a result of freezing and thawing and attack 
by sulfate solutions, as well as by cement-aggregate reaction. Several 
forces contributing to deterioration may operate concurrently in a con- 
crete structure. Decline in strength, expansion, development of surface 
cracks, and similar manifestations of deterioration may accompany any 
of these processes. Consequently, the primary cause is generally not 
identifiable from these phenomena. It is necessary that the characteris- 
tics which distinguish breakdown resulting from cement-aggregate re- 
action from that due to other causes be identified. 

Two criteria exist which, if applied with caution by an experienced 
observer, are reasonably certain indications of cement-aggregate re- 
action. These are (1) the presence of exudations or deposits of siliceous 
gels, and (2) the occurrence on aggregate grains of reaction rims which 
ean be ascribed to chemical action subsequent to fabrication of the 
concrete. 

Other phenomena accompanying disintegration, although not diag- 
nostic of any particular type, are nevertheless useful in evaluating the 
quality of concrete. They may be observed in concretes affected by 
cement-aggregate reaction, but are not confined to this type of de- 
terioration. One of these phenomena is the development of micro- 
fractures, almost universally present but varying in degree. In addition, 
chemical compounds of various types may be found as deposits in con- 
crete. These may indicate specific causes of breakdown, but usually 
they must be regarded as effects and indicators merely of the general 
progress of deterioration. Under specialized conditions of exposure 
(e.g., submersion in sea water) less common substances may be en- 
countered. 


Criteria of cement-aggregate reaction 

Recognition of cement-aggregate reaction depends upon several 
factors, including the adequacy of the sample of concrete, the presence 
of characteristic alteration products, the extent of development of 
extraneous substances which tend to obscure critical observations, and 
the skill and facilities employed in making the observations. However, 
experienced petrographers with adequate microscopic equipmeat should 
be able to determine whether or not a specific instance of deterioration 
is the result of cement-aggregate reaction after consideration of the 
following criteria. 

Siliceous gels. The most reliable criterion for recognizing cement- 
aggregate reaction in concrete—both in thin section and hand specimen— 
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Fig. 3 pafe--Reastive aggregate grain with clarified rim and associated gel deposit with 
shell of clear gel. Reflected light. 3X. 


Fig. 4 (right)}—Exudation of alkalic silica gel on concrete core. 1.5X. 


is undoubtedly the presence of alkalic silica gels. These gels result from 
interaction between cement alkalies and susceptible rocks and minerals of 
the aggregate. They occur within porous particles of aggregate, in voids 
in the cement paste, in fractures and as exudations upon external sur- 
faces (Fig. 3 and 4). Gel bodies commonly fill voids or the peripheral 
space between the cement paste and an aggregate grain which shows 
evidence of chemical attack. 


The gels observed in deteriorated concrete vary considerably in 
physical properties, depending largely upon water content and degree of 
carbonation. These products of cement-aggregate reaction may be 
watery, viscous, or even hard and brittle, all in close association. Petro- 
graphic study indicates that prior to fracturing of the concrete, the gels 
are highly viscous. Where moisture is available from external sources, 
fracturing of the concrete permits free imbibition of water by the gels, 
which consequently become dilute and watery in consistency. Experi- 
ments with opal embedded in high-alkali cement show continuous 
gradation of the gel from a peripheral phase comparable in viscosity to 
water glass, through a rubbery zone, to hard opal changed merely in 
color or not at all. When exposed to the atmosphere, the gels are rapidly 
desiccated and sometimes carbonated, commonly becoming white and 
hard. 


Gel deposits in concrete may be colorless and transparent or white 
and porcelaneous. Both types frequently occur in the same deposit, the 
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, ro ad Fig. 5—Thin section show- 

ing cloudy and transparent 
ss gel deposits in voids. 12X. 





colorless type occurring as a shell surrounding the porcelaneous type 
(Fig. 3). Occasionally, however, a gel body is more or less homogeneous 
and made up almost entirely of one kind. It is to be emphasized that 
siliceous gels may not be abundant even in concrete severely cracked 
and expanded. Although diligent search may be necessary in such 
cases, under favorable conditions the gel is easily visible to the unaided 
eye. Desiccated gel disseminated through the concrete is usually de- 
tectable when the concrete is wetted and the gel consequently swelled 
by imbibition of water. 

The index of refraction of siliceous gels in concrete is low, but varies 
with the water content. Desiccated gels, as observed in thin sections, 
have indices which range from about 1.46 to about 1.49. They show a 
varying degree of transparency and commonly contain cracks resulting 
from drying shrinkage. Microscopically, the gels are often cloudy and 
brown in transmitted light due to the presence of fine inclusions (Fig. 5). 
Sometimes very small particles with high birefringence, suggestive of 
calcium carbonate, are observed; rarely these inclusions are large enough 
to show rhombohedral forms. 


Microscopic study of thin sections of deteriorated concrete often 
reveals the presence of siliceous gel which is not readily observable in 
the hand specimen. However, because random thin sections may not 
intersect sparse gel bodies and because gelatinous materials may be lost 
during preparation of the sections, it is not safe to conclude that gel 
is absent except after detailed study of many sections. To overcome this 
difficulty, it is desirable to prepare flat surfaces of the concrete by fine 
grinding, and to scan these with the hand lens or stereoscopic microscope 
for gel bodies, reaction rims on aggregate grains, or other pertinent 
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TABLE ice etemen, Rf ANALYSES OF ALKALIC SILICA GELS 




















D WATER GLASS* 
| Molar ratio, 
Description SiO» Na,O KO H,0+ | alkalies: silica 

Gel from interior of concrete | | 

(exudation on core sample) 81.9 | 4.0 2.0 10.5 | 0.063 
Gel from interior of concrete 

(from interior of core) 53.4 | 12.7 4.5 | 20.5 | . 284 
Exudation on surface of | 

concrete 58.7 19.9 | 6.5 13.8 | 399 
Water glass (commercial 

sodium silicate solution— | 

41° Baumé) 28.7 | 8.9 | 62.4 .301 


he oo 


*The analyses of gels also indicated AlOs, Fe20s, and/or CaO, which may represent contamination of the 
gel by cement paste. 


characteristics. Areas selected in this manner are then prepared as thin 
sections. 

Occasionally no definite deposits of gel are found by any of these 
methods although other evidence may strongly suggest cement-aggregate 
reaction. Under these circumstances, the cement paste commonly has a 
peculiar mottled aspect which also has been observed in concrete con- 
taining abundant gel. Probably the paste has absorbed the gelatinous 
material, perhaps in the form of a more dilute siliceous solution, without 
producing local accumulations. 

Chemical analyses of samples of gel taken from various concrete 
structures show the gels to be composed essentially of silica and alkalies, 
and to contain small amounts of CuO, Al.O3, and FeO, (Table 1). Loss 
on ignition is variable; it is predominantly H.0, but some COs» is com- 
monly included. The SiOz, content ranges from 50 to 85 percent (mois- 
ture-free basis), and the sum of Na,O and K,0 from 6 to 26 percent. 
Available analyses show Na,0 in considerable excess over K20. 

It has not been possible to correlate variations in appearance of 
the gelatinous reaction products with variations in chemical composition 
because of the difficulty of segregating pure samples of the clear and 
the porcelaneous types. However, the chemical differences are believed 
to be quantitative rather than qualitative. The cloudy and porcelaneous 
varieties are probably higher in CaO than the clear gel, since the inclusions 
responsible for this appearance probably consist in part of calcium 
carbonate. 


Reaction rims. The occurrence of alteration rims on aggregate grains 
of certain rock types, when properly interpreted, may be diagnostic of 
cement-aggregate reaction. Before the rims can be used as evidence in 
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Fig. 6 (left)}—Thin section showing clarified rim on spherulitic felsophyre. 40X. 
Fig. 7 (right)—Thin section showing weathered rim on aggregate grain in Bakelite. 45X. 


this way, it is necessary to demonstrate that the rims were formed sub- 
sequent to, rather than prior to fabrication of the concrete, as a result of 
weathering or other natural forces. This is often difficult because the 
two types of rims may be very similar in appearance. Consequently, 
this criterion is more difficult of application than siliceous gels and re- 
quires considerable experience on the part of the observer. 

The origin of alteration rims on concrete aggregate may be determined 
by several methods. If a representative sample of unused aggregate is 
available, examination may reveal that rims are absent or decidedly less 
frequent in occurrence than in the concrete; or the rims may be signifi- 
cantly different in character, so that reaction between the aggregate and 
the cement paste is thereby established. The lithology of the aggregate 
grains exhibiting rims should also be taken into account, since experience 
indicates that oaly certain types of rocks are susceptible of deleterious 
reaction with cement alkalies. 

Gel deposits are commonly found in proximity to aggregate grains 
showing altered rims. Where such occurrences are sufficiently frequent, 
and where the affected grains of aggregate are composed of rocks known 
to be reactive, the existence of cement-aggregate reaction may be con- 
sidered proved. 

The alteration rims brought about by reaction with alkalies appear 
distinctly different depending on the manner in which they are examined. 
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If a fractured surface of an affected aggregate grain is observed with 
reflected light, the rim appears dark in contrast to the interior of the 
grain (Fig. 3). When examined in thin section with the petrographic 
microscope using transmitted light, the rims usually have a higher 
tramsparency than the interior portion of the rock particle (Fig. 6). 
For this reason, these peripheral zones have been called ‘‘clarified rims.’’ 
The clarification probably results from a combination of two processes, 
viz., the removal of some of the rock constituents by dissolution, and an 
increase in optical homogeneity by virtue of the penetration of the 
alkalic silica gel into the interstices of the rock. This type of rim has 
been observed with particular frequency on glassy andesites and rhyo- 
lites. The care which must be exercised in interpreting rims on aggre- 
gate is emphasized by Fig. 7. The photomicrograph shows a light 
colored rim on a grain of felsophyre mounted in Bakelite. Since the 
particle had never been incorporated in concrete, this rim was caused 
by weathering, although its resemblance to a clarified rim resulting from 
cement-aggregate reaction is very marked. 


Certain types of aggregate exhibit peripheral zones of discoloration, 
which probably result from weathering of ferromagnesian minerals. 
Occasionally, a discolored zone exists in combination with a clarified 
zone which occurs at the periphery of the particle surrounding the zone 
of discoloration (Fig. 8). 


Interaction with cement alkalies may weaken the peripheral zone of an 
aggregate particle and a relatively thin shell of rock substance may 
separate from the interior portion. In thin section this appears as a 
narrow ring separated from the main body of the aggregate grain; this 
space may contain siliceous gel or other secondary substances. 


Fig. 8—Thin section show- 
ing microfractures pene- 
trating altered tuff and 
felsophyre pebbles. 8X. 
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Fig. 9 (left)—Thin section showing pseudo-embayment and pseudo-corroded peri- 
phery of quartz in Bakelite. 100X. 


Fig. 10 (right)}—Thin section showing obsidian grain with serrate periphery in con- 
crete. 50X. 


Aggregates having natural coatings of substances precipitated from 
groundwater exhibit “rims’’ of various kinds depending on the nature of 
the coating material. These coatings are usually readily distinguished 
from true reaction rims. Occasionally the coating and not the aggregate 
is reactive with alkalies. 


‘ 


Phenomena associated with cement-aggregate reaction 

Several textures and structures, as well as a few substances other 
than normal hydration products, are frequently observed in deteriorated 
concrete. An inexperienced observer might misconstrue these phenomena 
and accept them as evidences of cement-aggregate reaction. Indeed, 
some of these characteristics frequently accompany cement-aggregate 
reaction, but they are known to orginate through other types of de- 
terioration also. Thus they are not criteria of cement-aggregate reaction, 

Embayments. Certain phenomena may be mistaken for criteria of 
reaction between aggregates and the cement paste. Included among 
these are apparent encroachments, embayments and penetrations of 
aggregate grains by the cement paste. Phenomena of these sorts become 
increasingly noticeable at higher magnifications and might readily be 
taken to indicate corrosion of the rock particles by components of the 
cement. Although there is no reason to doubt that the liquid phase of a 
portland cement paste corrodes the surfaces of rock fragments to some 
extent, this effect is not sufficiently great to be detectable microscopi- 
cally, except in very unusual cases. 

In many cases these apparent results of corrosion cam be adequately 
explained in terms of original irregularities in the grains and the manner 
in which the surfaces are intersected by the planes of the thin sections. 
That cement-aggregate reaction is not essential as an explanation has been 
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Fig. 11—Thin section show- 
ing obsidian grain in Bake- 
lite (similar to Fig. 10). 
40X. 





demonstrated by experiments in which rounded grains of quartz were 
embedded in Bakelite (Fig. 9). Although no reaction was possible, the 
microscopic appearance of some of the grains at high magnifications might 
be erroneously interpreted as indicating chemical attack. 


Another possibility of misinterpretation is illustrated in Fig. 10 and 
11 showing grains of serrated volcanic glass. In Fig. 10, the fragment 
is incorporated in concrete and its appearance could easily be mistaken 
for evidence of embayment due to reaction with the matrix. A similar 
grain of glass mounted in Bakelite is shown in Fig. 11, proving that the 
serrations were present prior to fabrication of the concrete. The dark 
material adhering to the glass fragment in this photograph is tuffaceous 
material, which serves to mask the true boundary between the aggregate 
grain and the cement paste in Fig. 10. 

These examples illustrate the caution that must attend the evaluation 
of microscopic observations. 

Microfractures. A network of fine cracks is almost always observed, 
even in concrete of the highest quality. However, deteriorated concretes 
generally show these fractures in larger numbers and with greater lengths 
and widths (Fig. 8). They may be essentially empty, in which case the 
deterioration is usually less advanced, or they may contain varying 
amounts of secondary deposits, indicating further progress of the des- 
tructive forces, 

Calcium hydroxide. ‘This compound is one of the normal products of 
hydration of portland cement, and occurs in all concrete. However, the 
manner of its occurrence varies considerably. It may be evenly dis- 
tributed as minute crystals throughout the cement paste, or it may be 
found as segregations of larger crystals, occupying fractures or voids of 
various shapes, commonly concentrated in openings adjacent to aggregate 
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particles. There seems to be little correlation between the amount and 
mode of occurrence of calcium hydroxide and the quality of the concrete. 
Segregations of calcium hydroxide at the periphery of aggregate grains 
should not be mistaken for products of interaction between aggregate 
and cement. 

Samples which have been exposed to severe conditions of freezing and 
thawing often contain relatively large quantities of calcium hydroxide 
crystals in fractures. Apparently, repeated cycles of freezing and thawing 
favor the concentration of calcium hydroxide as secondary deposits, 
possibly through a process of solution and recrystallization, since calcium 
hydroxide is more soluble at 0 C than at higher temperatures.'*. »- 4° 
Unfortunately, this type of segregation is not restricted to concretes 
which have been subjected to frost action; consequently, its value as a 
criterion is slight, 

Calcium carbonate. Carbonation is a common process in concrete 
exposed to the action of the elements, but in sound concrete it is limited 
to a thin skin at the outside surface. Fractured concrete may be severely 
carbonated, since the cracks permit the penetration of water containing 
dissolved carbon dioxide. The calcium carbonate crystals are usually 
minute and are recognized by their high birefringence. Bands of car- 
bonation often border fractures, and give prominence to them when the 
thin section is examined under the polarizing microscope with the Nicol 
prisms in the crossed position. Excessive carbonation in conjunction 
with fractures is a sign of deterioration, but the usefulness of this criterion 
is limited by the fact that the distribution is frequently very irregular— 
unaffected areas being found adjacent to severely carbonated zones. 
Thus, examination of a small number of thin sections may result in either 
under- or over-estimation of the general degree of carbonation. The 
calcium carbonate found in concrete is probably mostly in the form of 
calcite, but aragonite has been identified. 


Fig. 12—Thin section 
showing accumulation of 
distorted fibrous crystals of 
calcium sulfoaluminate in 
microfractures, 143X, 
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Calcium sulfoaluminate. Hydrated concrete contains small amounts of 
calcium sulfoaluminate as a product of the reaction of tricalcium alumi- 
nate with sulfate from the gypsum contained in the cement. 

Two distinct calcium sulfoaluminate compounds have been prepared 

artificially." One, the “high-sulfate’’ form, has the formula, 3Ca0. 
Al,0;.3CaSO0,.311,0; the other, the “low-sulfate” form, has a variable 
composition which approaches the formula 3Ca0.Al,05.CaSO,.12H,0. 
The “high-sulfate”’ calcium sulfoaluminate is frequently observed in 
concrete, but the “low-sulfate’’ compound has not been identified, al- 
though it may possibly exist during the hydration of some cements. 
- In bardened concrete, which has not been affected by destructive 
forces, calcium sulfoaluminate is probably disseminated uniformly 
throughout the cement paste as minute crystals, and cannot be detected 
microscopically. However, processes such as freezing and thawing, 
cement-aggregate reaction, and attack by sulfate-bearing solutions from 
external sources produce fractures within which this compound is pre- 
cipitated as fibrous and subspherulitic groups of crystals (Fig. 12). These 
secondary accumulations of calcium sulfoaluminate crystals result from 
solution and reprecipitation. Sulfate attack will, of course, increase the 
total amount of sulfoaluminate through the introduction of additional 
sulfate ions. 


Calcium sulfoaluminate (8Ca0.A1,03.3CaS0,4.3111,0) has low indices 
of refraction (w = 1.464, e 1.458), low birefringence (0.006), parallel 
extinction, and negative sign of elongation. Dehydration of the crystals 
at 110 © causes the mean index of refraction to rise to about 1.50 and 
the sign of elongation to change to positive.'® The calcium sulfoaluminate 
in thin sections of concrete commonly exhibits positive elongation as a 
result of the heating incident to mounting of the specimen in Canada 
balsam. The development of typical fibrous calcium sulfoaluminate in 
considerable quantities frequently accompanies any kind of deterioration ; 
and when present, it has been found to be a reliable indication that the 
quality of the concrete has been impaired. Sulfoaluminate may be 


Fig. 13-——Thin section showing distorted fi- 
brous crystals of calcium sulfoaluminate in 
void. 9OX. 
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TABLE 2—LINEAR EXPANSION OF MORTARS* VERSUS SO, CONTENT 
OF THE CEMENT} 





Reactive Percent linear expansion 
Reactive component Age 
component with crushed Li ae Cement Cement 
in aggregate quartz weeks | No, 2473 No, 5309 
Opal from 5 percent 4 Ol4 O18 
near Quincey, a |: 033 052 
Washington 20 .037 .060 
36 046 .070 
§2 046 069 
104 O54 074 
Siliceous 4 | .128 099 
Magnesian 20 percent | 12 210 . 198 
Limestone from 20 252 231 
near Paso Robles, | 36 | 333 .331 
California | 62 | 389 431 
, 14 | 644 | .829 
50 percent 4 036 041 
Li 166 182 
20 220) 254 
36 | 348 400 
§2 120 487 
104 | 501 596 
Khyolites and andesites, 
Bill Williams 
River gravel 
100 percent 1 | O12 | O18 
| 12 | O45 O64 
20 | O82 133 
36 | 202 255 
§2 | 287 $43 
104 | 120 505 


*1- & le & 1O0-in, bara, mix parte 1:2, aggregate graded 20 percent by weight each, sises No, 8, 16, 30, 50, 
and 100; no pan, Cured 7 daya in fog-room at 70 F; then stored at 100 F in sealed cans in presence of excess 
water 

(Cement No, 5400; SOq = 0,00 percent; NagO = 0.58 percent; AyO @& 0.40 percent, Cement No, 2473: 
SOg = 1.85 percent; Naw) = 0.60 percent; AvO = 0.46 percent 


found only in voids (Fig. 13) or both in voids and in microfractures, The 
latter condition usually indicates more advanced deterioration, 

The characteristic occurrence of secondary calcium sulfoaluminate in 
concretes affected by cement-aggregate reaction may suggest that re- 
crystallization of the compound causes the expansion or, at least, supple- 
ments the effects of other expansive agents. Data pertinent to this 


consideration are presented in Table 2, wherein linear expansions are 
correlated with sulfate content of cement. Cements Nos, 5309 and 2473 
were ground from the same clinker, gypsum in normal amount being 
added to produce cement No, 2473, The SO, contents are 0,09 percent 
and 1.83 percent, respectively. Expansions obtained on bars containing 
the cements are comparable for the three reactive aggregates tested, At 
later ages, the expansions of the mortars containing the low-sulfate 
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cement are the greater, possibly because of more rapid hardening of the 
unretarded cement. Inasmuch as only very small amounts of calcium 
sulfoaluminate could form in the low-sulfate mortar, the test data in- 
dicate that recrystallization of the compound plays no essential role in the 
expansion of concrete affected by cement-aggregate reaction. 

Calcium sulfate. Calcium sulfate (CaSO..2H:0) may be formed in con- 
crete as the result of very severe attack by sulfate solutions. It is prob- 
able that calcium sulfoaluminate, which would be produced through the 
action of more dilute solutions, is unstable in the presence of higher 
concentrations of sulfate ion and is converted to gypsum. The gypsum 
forms at the expense of the calcium compounds in the hydrated cement 
and may cause serious disintegration. Not only is the cement paste 
affected, but in one case of extreme severity, fragments of volcanic 
glass and certain aphanitic igneous rocks were altered also. 

If the attacking solution contains magnesium sulfate, calcium sulfate 
rather than calcium sulfoaluminate is ultimately produced, even with low 
concentrations, since calcium sulfoaluminate is unstable in magnesium 
sulfate solutions.?° ?- 199 

Other rare compounds. Mention should be made of a number of 
chemical substances which are not commonly observed in concrete, and 
whose significance is not known. Crystalline sodium chloride has been 
identified in mortar cylinders which had suffered disintegration through 
the action of sea water, but what part the salt played, if any, in the de- 
structive process is not known. Crystals having optical and chemical 
properties closely corresponding to the mineral paraluminite, a hydrated 
aluminum sulfate (2A1.03.SO3.15H.0), have been reported?! as occurring 
in cavities of intensely altered concrete. Little is known concerning the 
chemistry of formation of these crystals, except that they probably 
developed from calcium sulfoaluminate in the presence of waters of high 
carbon dioxide content. 

In addition to the compounds mentioned above, several unidentified 
substances have been observed in concrete. One of these is colorless and 
crystalline with a mean index of refraction of about 1.492. When treated 
with acid, the birefringence is lost and carbon dioxide is evolved. Quali- 
tative tests indicated much silica with significant amounts of calcium and 
sodium and a trace of potassium. A negative test was obtained for 
aluminum. Another phase detected in concrete from the same structure 
occurs in small colorless, subspherulitic fibers which have positive elonga- 
tion and indices of refraction as follows: @ = 1.501, y = 1.511. The 
crystals are very slowly attacked by hot hydrochloric acid, with an 
accompanying drop in birefringence. A qualitative microchemical test 
for silica was positive, but tests for aluminum, potassium, and water were 
negative. A trace of calcium may be present. The properties approach 
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rather closely those of sodium disilicate (Na2Si.0;), but this compound 
has not been reported heretofore as forming from aqueous solutions. 

In a sample of concrete which had been stored in the laboratory for 
more than a year, fine, colorless, needle-like crystals were discovered 
in cavities. These crystals were easily observable with the stereoscopic 
microscope, but had not been detected when the sample was examined 
prior to storage. It seems likely that they developed in the laboratory 
during the interim. The following properties were determined: parallel 
extinction; moderate birefringence; a = about 1.60, y = slightly greater 
than 1.62; insoluble in hot water; slowly soluble in cold dilute hydro- 
chloric acid. Qualitative microchemical tests indicated appreciable 
amounts of silica and sodium. Calcium and sulfate are probably present 
also, but the presence or absence of aluminum and water could not be 
determined. It has not been possible to correlate these properties with 
those of any known natural or artificial crystalline compound which 
might form in concrete. 


BEHAVIOR OF ROCKS AND MINERALS IN MORTAR BARS 


Although early work on the problem of cement-aggregate reaction 
indicated that opal, a phyllite, and certain intermediate and acidic vol- 
canic rocks are susceptible to attack by alkalies in portland cement*:5:’ 
the degree to which other rocks and minerals are susceptible to similar 
decomposition was unknown. In order to determine the reactivity of a 
variety of natural materials, samples of many common rocks and min- 
erals were obtained from various sources. After petrographic study, a 
portion of each sample was crushed to pass the No. 4 (,;%-in.) screen, 
and the crushed material was then used as aggregate in mortar bars 
containing high- or low-alkali cement.* 

As a result of these and related studies of mortars and concretes, the 
reactivity of various rocks and minerals and conditions under which 
cement-aggregate reaction proceeds were defined. Deterioration of the 
mortars by cement-aggregate reaction is indicated by (1) excessive ex- 
pansion, (2) cracking, (3) declines in strength and freezing and thawing 
durability, (4) decrease in modulus of elasticityt and (5) exudation of 
alkalic silica gel from cracks and voids in the mortar.”? 

After 12 months of storage at 100 F, the linear expansion of the mortars 
ranged from nil to more than 3 percent; all aggregates known to have 


*The bars are 1 X 1 X 11% in. with terminal gage points for length-change measurements set 10 in. 
apart. The mortar was mixed 1 part by weight of cement to 2 parts of aggregate, graded 20 percent each 
of the No. 4-8, No. 8-16, No. 16-30, No. 30-50, and No. 50-100 sizes. The aggregate was composed of 
crushed quartz successively replaced by 5, 10, 20, 50, 75 and 100 percent of the tested material. Where 
the tested material was insufficient for a full series, as many as possible of the replacements were fulfilled. 
Cast in triplicate, the bars were cured for seven days at 100 percent relative humidity at 70 F; then stored at 
100 F in sealed cans in a moisture-saturated atmosphere. Measurements of length change and of the sonic 
modulus of elasticity were made at monthly intervals. This mortar bar series was supplemented by others 
in which natural sands and gravels were used or in which the test aggregate was substituted for only one 
size of the crushed quartz control aggregate. ' 

tAfter initial declines, the modulus of elasticity typically recovers and may ultimately approach its 
original value. 
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TABLE 3—ROCKS AND MINERALS WHICH ARE DELETERIOUSLY 
‘REACTIVE WITH HIGH-ALKALI CEMENTS 





Reactive minerals Chemical composition Physical che aracter 
Opal Si0—.nH,O | Amorphous 
C alecedony SiOz Cryptocrystalline fibrous 
Tridymite* SiO, | Crystalline 


Reactive rocks* Reactive compcnent 


Siliceous rocks: 


arene cherts Opal 
Chalcedonie cherts Chalcedony 
Siliceous limestones Chalcedony and/or opal 


Voleanic rockst: 
Rhyolites and rhyolite tuffs 
Dacites and dacite tuffs Voleanic glass, devitrified glass, and 
Andesites and andesite tuffs tridymite 


Metamorphic rocks: 
‘Phyllites 


Hydromica (?) 


Miscellaneous rocks: 
Any rocks containing veinlets, in- 
clusions, or grains of the reac- 
tive rocks or minerals listed above. 





*Artific ‘ial silicate glasses, | suc ch as Pyr rex : glass, are known to be deleteriously reactive. 
tThe volcanic ty listed are known to be deleteriously reactive; basalts are known to be innocuous; 
data regarding trachytes, latites, and phonolites are lacking. 


caused deterioration of field structures caused linear expansions of the 
mortars between 0.1 and 0.7 percent. 

The mortar bar studies prove that all silicate and silica minerals 
react with alkalies in portland cement, but the greater number of minerals 
react only to an insignificant extent. For example, feldspars, pyroxenes, 
amphiboles, zeolites, micas, quartz, and other common rock-forming 
minerals cause insignificant expansions of high-alkali mortars; but the 
expansion may nevertheless be greater than that caused by pure lime- 
stone.* Similarly, most rocks are chemically innocuous. Minerals and 
rocks which contribute to deterioration of concrete and mortar through 
reaction with cement alkalies (Tables 3 and 4 and Fig. 14, 15, and 16) 
can be identified in aggregates by petrographic examination.” 

Reactivity of cherts has been the subject of controversy; ten different 
cherts and chert-like rocks were incorporated in the mortar bar program. 
All proved to be deleteriously reactive, the expansion at one year ranging 
from 0.137 percent to 2.218 percent (Table 5). 


*The following minerals were tested in mortars and found to be innocuous: Quartz, microcline, albite, 
oligoclase, andesine, bytownite, nepheline, hornblende, diopside, augite, olivine, biotite, phlogopite, 
muscovite, vermiculite, prochlorite, almandite, kaolin, montmorillonite, serpentine, talc, analcite, stilbite, 
prehnite, epidote, dolomite, calcite, apatite, and collophane. 
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| and siliceous rocks and minerals. 


Fig. 15 (bottom)—Expansion of mortars fabricated with high-alkali ce- 
ment and rock types selected from gravel used at Kimball, Nebraska. 
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Fig. 16—Expansion of mortar fabricated with volcanic rocks and high- 
alkali cement. 


Other minerals and rocks may be deleterious for reasons other than 
reactivity with alkalies in cement. For example, sulfates such as 
gypsum, epsomite or alunite** may cause decomposition of concrete 
through reaction with aluminates and silicates of the cement; and finely 
porous, absorptive rocks, such as weathered cherts, shales or argillaceous 
limestones, may contribute to freezing and thawing breakdown of 
concrete.*® 


Expansion of mortars and concretes resulting from reaction between 
aggregates and cement alkalies is influenced by many factors.** Most 
important are: (1) alkali content of the cement; (2) temperature of 
curing and storage; (3) moisture availability; (4) cement content of the 
concrete or mortar; and (5) amount, size, and reactivity of the aggregate. 
The relation of expansion to any one of these factors is complex. Thus, 
although no deterioration of field concrete due to cement-aggregate re- 
action is known to have occurred where low-alkali cements were used,?’ 
the expansion and deterioration does not continuously increase as the 
alkali content of the cement increases. Expansion at a given age tends 
to increase with increase in cement content, probably because of the 
greater abundance of available alkalies, and with increase in temperature 
of storage. In the absence of water, the reactions do not take place; 
however, storage of bars in water may cause leaching of alkalies from the 


cement and thus retard or inhibit reaction. Maximum expansion of 
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TABLE 5—EXPANSION OF MORTARS CONTAINING SILICA 
MINERALS AND CHERTS WITH HIGH-ALKALI CEMENT* 


Material 


Opal, Virgin Valley, 
Nevada 


ria EE. 9 
Chalcedonic and opaline 
cherts, Kimball, Nebraska 





Chalcedony, 
Serra do Mar, Brazil 


Chalcedony, 
Medford, Oregon 


Chalcedony, 
San Bernardino, 
California 


Novaculite, 
Hot Springs, Arkansas 


Chert, Joplin, 
Missouri 


Flint, Dover Cliffs, 
England 


Flint, Crown Point, 
N. Y. 


Chert, Lower 
Colorado River, 
Arizona-Nevada 


*See footnote (*), Table 2; Cement No, 2742, containing 0.12 percent KyO, 1.30 percent Na. 
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. 100 


Ol 
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.O10 
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009 
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.007 
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.005 
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007 
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006 


005 


006 


008 
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3 mo, 





October 1947 


Linear expansion 


(percent) 


223 
. 3805 
023 
.005 
.010 


029 
.052 
. 600 


024 
.034 
.079 

071 

056 
O18 


O18 


O16 


6 mo. 


1.723 
330 
.020 
.003 
O11 


059 
.149 


l 
757 


056 
15 
227 
198 
174 
024 


026 
215 
198 
846 


3800 

781 
585 
142 


039 
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199 
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OS! 
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Ol 
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.030 
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O10 
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O34 
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149 
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036 


| 12 mo, 


| 2.218 
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009 
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LO5 
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Fig. 17—Expansion of mortars fabricated with varying proportions of reactive materials 
pi high-alkali cement. 


small mortar specimens is obtained when the specimens are stored in a 
saturated atmosphere. 

Most complex is the relationship of expansion to amount, size and 
reactivity of the aggregate. Stanton and his associates’ early discovered 
that the expansion of high-alkali mortar specimens does not necessarily 
increase as the proportion of opal in the aggregate increases, but that if 
other conditions remain constant, maximum expansion occurs if the 
aggregate contains about 2% to 5 percent of opal (Fig. 17). Other re- 
active substances cause maximum expansion when they constitute 
possibly 10, 20, 75, or even 100 percent of the aggregate. Thus, a de- 
leteriously reactive andesite from the gravel used at Friant Dam, Cali- 
fornia, caused maximum expansion at 20 percent replacement of crushed 
quartz, whereas an andesite from the Cowlitz River, Washington, caused 
maximum expansion at 50 percent replacement, and a siliceous lime- 
stone caused maximum expansion at 100 percent replacement (I ig.17). 
For very reactive substances such as opal, the maximum expansion tends 
to increase as the particle size of the reactive material decreases, at least 
for sizes down to the No. 200 to No. 325 fraction (Tables 6 and 7), whereas 
the reverse is commonly true for less reactive materials (Table 7). 

No single hypothesis is capable of explaining quantitatively the 
variations in expansion with changes in size or amount of aggregate; but 
the complexity of the problem is apparent considering the extremely 
delicate physical-chemical equilibria involved and the manifold combina- 
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TABLE 6—EXPANSION AT AGE ONE MONTH OF HIGH-ALKALI CEMENT 
BARS CONTAINING SMALL AMOUNTS OF GRANULAR OPAL* 








Opal added Linear expansion (percent)—Particle size added 
(percent by weight * 
of cement) | 4—8 8&—16 | 16—30) 30-—50)50-—100) 100-200/200-325 
1 312 300 314 256 .320 . 136 .031 
2 502 492 . 524 566 654 . 662 622 
3 .498 . 569 . 904 891 | 1.114 | 1.506 | 1.314 
4 641 .807 | 1.017 | 1.106 | 1.275 | 1.902 | 2.025 
5 594 .840 | 1.274 | 1.099 | 1.23: 2.343 | 2.644 
6 . 762 .933 | 1.1381 | 1.145 | 1.427 | 2.349 
7 759 .995 | 1.212 | 1.206 | 1.268 
8 .841 | 1.004 | 1.232 | 1.163 | 1.178 | 1.766 
9 .984 | 1,002 | 1.046 | 1.046 1.621 
10 .808 | 1.108 | 1.097 | 1.174 | 1.121 | 1.506 | 
| 




















*The bars are 1 x 1 x 10 in. and are composed wholly of cement No, 2742 (1.30 percent NagO and 0.12 
percent Ka0) and small additions of crushed opal in the amount and nize-fraction indicated; no other aggre 
gate ia present. The bara were cured 48 hours in the fog-room at 70 F, then stored in sealed cans at 100 F in 
presence of excess water. 


TABLE 7—EXPANSION AT AGE ONE YEAR OF MORTARS CONTAINING 
HIGH-ALKALI CEMENT AND HIGHLY, MODERATELY OR SLIGHTLY 
REACTIVE AGGREGATE* 





Highly reactive aggregate: Siliceous magnesian limestone, Paso Robles, California 
(General Laboratory No. 2037) 

Moderately reactive aggregate: Phyllite, Buck Dam, Virginia (General Laboratory 
No. 1797) 

Slightly reactive aggregate: Arkose, Byllesby Dam, Virginia (General Laboratory 
No, 3149) 


Linear expansion (percent) —Sise fraction containing reactive 











No, 4—~8 No, 16—30 No, 50100 
Reactive added | ‘ 
(percent by No No No. No, | No, | No No. | No. | No 
weight total 20387 1707 S140 20387 1707 uta 2037 | 1707 Si49 
agurognte) 
2 
| 
4,75 . 220 O72 042 | 257 O56 O44 | 118 ono 040 
0.6 407 107 068 | .402 ON7 ost | .872 O41 030 
19,0 474 201 077 | 641 144 OO6 748 O82 O44 











*The bars are 2 x 2 x 10 in,; mix parte 1:2; ageregate graded 10 percent by weight each No, 8, 16, 40, 50, 
100, with 5 percent pan; crushed quarts aggregate in replaced by the amount and in the siseefraction indi 
cated with reactive material; cement No, 2742 (1,40 percent NagO and 0.12 percent AyO), Hare are cured 
for one week in fog-room at 70 F, then stored in sealed cana at 100 PF in presence of excess water 
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tions of mortar texture which may arise from changes in size and abund- 
ance of particles of differing porosity scattered through the hydrating 
cement paste. Because of variable physical and chemical conditions in 
mortar and concrete, expansion is not directly proportional to either 
the rate or the amount of reaction such as might be measured by chemi- 
cal methods. For example, experience indicates that expansion of con- 
crete containing deleterious aggregate and high-alkali cement may be 
unusually low or even negligible if either the aggregate or the mortar as 
a whole is excessively porous, even though diagnostic evidence of cement- 
aggregate reaction can be discerned by microscopic examination. 

Field and laboratory research has shown that deterioration of concrete 
due to cement-aggregate reaction can be reduced in various ways, but at 
present the only practicable and consistently effective method is the use 
of low-alkali cement.*? 


PHYSICAL-CHEMICAL INVESTIGATIONS 
Reaction between aggregates and solutions 

Study of concrete contributed only indirectly to the identification 
of the physical-chemical reactions causing expansion and disintegration. 
Accordingly, chemical tests of rocks and minerals were devised in order to 
explore the relation of chemical instability of aggregates to deleteriousness 
indicated by mortar bars. Stevens** had shown that many minerals are 
subject to partial dissolution when ground to fine powder in the presence 
of water; 45 mineral powders employed in the tests produced alkaline 
solutions with pH values ranging from 7.2 to 10.8. To determine whether 
or not this type of instability is related to reactivity toward cement 
alkalies, pH measurements were made upon slurries of finely ground 
minerals, rocks, natural sands and natural gravels whose degree of 
deleteriousness was known. A total of 43 materials were tested; the pH 
values of the slurries ranged from 4.9 for a pure white kaolin to 11.0 for 
albite, after 2 minutes of contact between powder and water. However, 
no relation between the pH of the slurry and deleteriousness of the ma- 
terial in a high-alkali-cement mortar was observed. 

As a sequel to these studies, dilute hydrochloric acid was added to the 
aqueous slurries and the changes in alkalinity were observed. Although 
the correlation was not straightforward, those powders whose slurries 
most resisted the decline in alkalinity (7.¢., those producing well-buffered 
slurries) represent aggregates which react deleteriously with high-alkali 
cement, Conversely, however, some of the deleteriously reactive aggre- 
gates produced poorly-bulfered slurries. Similarly, changes in pH 
value due to additions of dilute sodium hydroxide solution to the aqueous 
slurries could not be consistently correlated with deleteriousness, Con- 
sequently, the determinations were abandoned 
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TABLE 8—COMPARISON OF EXPANSION OF MORTAR BARS WITH 
SILICA DISSOLVED FROM AGGREGATES BY NaOH SOLUTION 

















Dissolved Expansion of 

Material Silica*, bars at one 

percent year, percent 
Quartz, from near r Denver, ( olorado ren aia 4MG bets 0.19 .033 
Grand ( Youlee, Washington.................. 0.53 075 
Phoitite Buck Dam, RSL Sin vuibnnn dnikce.e va 0.55 310 
Sand, Kimball, Nebraska. . Sindh odin ents 1. 0.57 382 
Obsidian, Lake C ‘ounty, Oregon. . RS Daren ee poe 0.58 261 
Glassy Basalt, from near Vantage, Wash............. 0.79 .027 
Novaculite, Hot Springs, Arkansas................. 1.68 . 561 
Cc ‘halcedony, Serra do Mar, Brazil....... ar eee. 4.35 . 264 
Flint, Dover Cliffs, England..................... 4.43 137 
Opal, from near Quincy, Washington .............. 6.23 1.613 

| 


*25@ of No, 50- 100 size material immersed in 25 ml of molar NaOH solution for 24 hours at 80 C, 
. 

Since the solutions permeating concrete are strongly basic, the effect 
of alkaline solutions upon aggregate components, and the concomitant 
effect of the aggregate materials upon the alkaline solutions are highly 
pertinent. Solutions extracted from slurries of high- and low-alkali 
cements were placed in contact with powdered specimens of the test 
aggregates for varying periods. Identical tests were performed using 
lime water, lime water containing small amounts of sodium sulfate or 
sodium hydroxide, and dilute solutions of sodium hydroxide as sub- 
stitutes for the filtrate from the cement slurries. All of the 58 tested 
specimens of rocks, minerals, sands and gravels adsorbed Ca ions from 
alkaline solutions, and most of them likewise adsorbed Na ions. Adsorp- 
tion of Na ions does not correlate with deleteriousness, but the deleterious 
aggregates generally adsorbed more Ca ions than did the innocuous ones. 
However, some widely distributed innocuous types, such as basaltic 
aggregates, also adsorbed significant quantities of Ca ions. 

Many aggregate materials lose weight through leaching, and become 
porous, bleached and etched while immersed in highly alkaline solutions. 
All tested silicate or silica minerals released silica into highly alkaline 
solutions, the rate of release being influenced by concentration and nature 
of the solution, temperature, particle size of the sample, and the propor- 
tion of sample to solution. In general, the most deleterious substances 
released more silica into solution than did the innocuous substances, but 
the quantity of silica dissolved did not furnish a reliable measure of 
deleteriousness (‘Table 8). Thus, some innocuous materials, e.g., basaltic 
aggregates, released more silica into solution than did certain moderately 
deleterious aggregates. Etching tests performed by Parsons and Insley*® 
and by Hutton*® for New Zealand rocks do not necessarily measure the 
kind of reactivity responsible for deleteriousness of aggregates. Determi- 
nations of loss in weight of aggregates after treatment with caustic solu- 
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tions are also unreliable. Alkalies are released from rocks and minerals 
immersed in alkaline solutions® or enclosed by cement'':*! but this re- 
lease is not diagnostic of deleteriousness. 

Various other physical and chemical tests have been employed to 
detect reactivity of aggregates, but with little or no success. Some 
reactive rocks and minerals and some products of reaction between high- 
alkali cements and deleterious aggregates fluoresce in ultra-violet light.® 
However, fluorescence is not a satisfactory indicator of reactivity, be- 
cause similar materials in different occurrences may or may not fluoresce.** 
Adsorption of dyes from solution by rock and mineral powders closely 
correlates with adsorption of Ca ions from alkaline solutions and like- 
wise fails to indicate deleterious reactivity. The so-called “‘pat’’ tests*?: ** 
involve embedding of aggregate in portland cement; the specimens are 
then stored in water or alkaline solutions and periodically examined for 
development of gelatinous exudations. The “‘pat’’ tests are diagnostic 
of highly reactive substances, such as opal, but are of little value for the 
more widespread, moderately reactive rocks and minerals, such as 
chalcedony and glassy rhyolites and andesites. 

In summary, each of the test methods yields data related in some 
manner to deleteriousness, but in no case are the data critically diagnostic. 
Thus, neither adsorption by aggregates of various cations, hydroxy] ions, 
or dyes from solution, nor the dissolution of aggregate materials (whether 
measured by weight loss, release of alkalies or soluble silica, or degree of 
etch) can be adduced as measures of deleteriousness. 

Karly in 1944, during performance of tests to determine the amount 
of silica released from crushed aggregate materials into aqueous solutions 
of sodium hydroxide, an intriguing phenomenon was observed.* It was 
consistently found that the innocuous aggregates (as determined from 
previous mortar bar programs) released 2 to 4 times more silica into 
solution from pulverized material than from coarser material. Thus, as 
would be anticipated, the release of silica increased as the effective 
surface area of the material increased. However, this relation did not 
obtain for reactive aggregates; the coarse materials of deleterious type 
typically released more silica into solution than did the pulverized 
materials. Yet, in the case of the deleterious aggregates, the alkalinity 
of the solution was lowered relatively more by the powder than by the 
No. 50-100 material, thus suggesting that reactions had progressed to a 
greater extent in the slurries of the powders (Table 9). 








*The teats were performed in the following manner: (1) Two types of teat specimen were prepared from 
each aggregate to be studied; one specimen was composed of particles passing the No. 50 and retained on the 
No. 100 screen, whereas the second specimen was composed of material ground in a pebble mill until more 
than 90 percent passed the No. 200 screen, (2) Each prepared specimen was placed in contact with 20 ml, 
of 1 molar solution of NaOH. 26.67 ¢ of the coarse and 13,33 ¢ of the fine material being used. (3) After 
stirring to eliminate entrapped air, the containers were sealed and placed in an oven controlled at 80 C for 
5 hours, (4) The solution waa then filtered from each container and the filtrate analyzed for dissolved 
silica and titrated against standardised, dilute hydrochloric acid, 
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TABLE 9—COMPARISON OF EXPANSION OF MORTAR BARS WITH SILICA 


October 1947 


TITRATABLE 


Mortar datat 


Expansion 














4 Size: No. 50-100 Size: >90 percent 
q i through No, 200 
{ Concen- | Reduction | Concen- | Reduction 
Aggregate tration of | in titrat- tration of | in titrat 
| silica, | able O17, silica, able OH, 
hy milli- milli- milli milli 
I | moles /I. equiv, / moles /|. equiv. /L. 
| Andesite from gravel, 
San Joaquin River, 
California 617 64 183 117 
4 Sand, Cowlitz River, 
Washington 184 oo 183 105 
Sand, American Falls 
Dam, Idaho 226 60 220 120 
a 
3 Phyllite, Buck Dam, 
oo Virginia 50 37 23 10 
= 
= Opal from near 
é Quiney, Washington | 1,123 226 1,073 200 
" Siliceous magnesian 
y limeatone,Paso Robles, 
4 | California 927 164 833 224 
f Sand, Republican River, 
d | Kansas 05 i 176 63 
a 
Sand, Salt River, 
} } Arizona 116 64 170 105 
; | 
f Altered anorthosite, 
| Soledad Canyon, Calif 0 | 304 0 307 
Glassy basalt, Grand 
Coulee, Washington | 100 160 246 108 
| 
Microcline, Ontario, 
Canada 15 6 39 13 
4 
t 3 Oligoclase, Mitchell Co., 
(i 8 North Carolina 6 1 23 6 
Pi & 
f A} Quartz from near 
i Denver, Colorado | 57 253 SO 
f Sand, Coulee Dam, 
F Washington 92 107 10Ov 101 
fi Sand, San Joaquin 
' River, California 6 i 23 6 
i, 
a —o 
te *See footnote page 11%. 


Mix parts 1:2; aggregate in 1- * 1- * 10-in, bare graded 20 percent by weight each No. 8, 16, 30, 50, 100, 
i x 2- & 10-in, bars graded 10 percent by weight each sand size, 5 percent pan 


no pan; aggregate in 2- 


Cured 7 days in fog-room at 70 F, then stored at 100 F in sealed cans in presence of exceas water. Cement 
contains 1,30 percent Nag and 0,12 percent K@. 





atone Size 
year, of bar, 
percent in 
177 IxIxl0 
570 2x2x10 
326 2x2x10 
310 2x2x10 
1.613 IxIxl0 
748 2x2x10 
167 2x2x10 
236 2x2x10 
027 IxixlO 
O26 IxIxl0 
O39 IxIxl0 
OSS Ixixl0 
O33 Ixixl0 
O75 IxIx1l0 
O72 IxIx1l0 


ot EIA it an en = 
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Here, then, was a situation in which reaction was not truly indicated 
by silica in solution. If silica had been liberated from the aggregate 
materials as a result of reaction with the solution, it must have remained 
upon or within the particles of powder and was subsequently removed by 
filtration. Thus, the quantities of silica in solution are probably not 
proportional to the total quantities of silica liberated by the attack of 
the alkalies. The lack of correlation between the results of the leach 
tests and expansion of mortar bars can be explained on this basis. More- 
over, these relationships indicate that the essential difference between 
deleterious and innocuous aggregates is not difference in reactivity, as 
such, but rather that it is difference in the rate of release of soluble 
silica and in the amount of silica released for given consumption of 
alkalies. 

Further experimentation in the Bureau of Reclamation petrographic 
laboratory has substantiated the deductions based on the original ex- 
periment. But the relationships were found to be somewhat more com- 
plex. For example, some deleterious materials release considerably 
more silica into solution from the powder than from the coarse.material; 
but in so doing, the alkalinities are greatly reduced, thus again indicating 
retention of nascent silica on the particles of powder. Conversely, some 
innocuous aggregates release comparable amounts of silica from both 
the coarse and fine materials; but the reduction in the alkalinity of the 
solution is likewise similar, thus indicating that little or no gelatinous 
silica remains upon the particles. Unfortunately, physical-chemical 
reactions other than those which produce release of silica from the rock 
and mineral substances also cause reductions in alkalinity. For example, 
adsorption of ions by clay minerals, zeolites or altered micas; neutraliza- 
tion of hydroxyl by acidic organic substances; and precipitation of 
slightly soluble hydroxides, such as Mg(OH)s, are not fundamentally re- 
lated to liberation of soluble silica; yet these effects are included in the 
measurement of reduction in alkalinity. 

experimentation of this type is being continued to devise a method for 
quickly evaluating deleteriousness of aggregates. 


Osmotic pressures 

Investigation by Stanton? showed that the expansion and cracking of 
concrete resulted from internal physical-chemical reactions, but the 
process by which the reactions were converted into mechanical forces was 
not known. It seemed possible that expansion could be caused by volume 
increase of either the aggregate particles or local portions of the cement 
paste itself through the formation of crystalline or noncrystalline sub- 
stances. However, microscopic study of deteriorated mortars and con- 
cretes and of rock and mineral specimens immersed in alkaline solutions 
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Fig. 18 — Hollow mortar cylinder with 
sealed ends and reinforcing straps. Immer- 
sion vessel is shown at right. 





failed to reveal the consistent occurrence of any secondary substance 
other than the alkalic silica gel first observed by Stanton. 

Consequently, the composition and physical properties of the gel 
were studied; and experimentation was conducted with a commercial 
sodium silicate solution (water glass) whose composition and properties 
are comparable to those of the alkalic silica gels observed in affected con- 
cretes (Table 1).* This solution has a density of 41° Baumé, contains 
approximately 38 percent by weight of sodium silicate and has a Na,0 to 
SiO; ratio of 0.30. 

In early experiments, desiccated pellets of water glass were embedded 
in pats of neat cements. If the pats were kept moist, they soon cracked, 
and the pellets became soft or actually fluid. The occurrence and distri- 
bution of the cracks indicated that the disruption of the cement paste 
was caused by the presence of the pellets; and it appeared probable that 
the cracking was occasioned by pressures associated with absorption of 
water by the desiccated water glass. 


To study the phenomena further, in 1942, water glass (Baumé 41°) was 
placed in a hollow concrete cylinder, which was then sealed except for a 
small-bore glass tube at the upper end. Almost immediately after the 
cylinder was immersed in water, the liquid level in the tube began to rise 
and continued to do so for the duration of the experiment, attaining a 
height of about 240 cm after 195 days. Apparently, the concrete of the 
cylinder had acted as an osmotic membrane, permitting inward penetra- 
tion of water but inhibiting outward movement of the water glass. 
Similar experiments were conducted by Hansen."! 


*Alkalic silica gel from affected concrete was not available in sufficient quantities to be used in these 
experiments, nor is it sufficiently stable to withstand handling and exposure without significant physical 
and chemical change. 
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Distilled woter Fig. 19—Diagram of 
er ees constant-volume osmot- 
ic cell 





Mortor disc 


Sodium 
silicate 
Diaphragm 
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Subsequent attempts were made to measure the magnitude of the 
osmotic pressure. A pressure gauge was fitted to a hollow concrete 
cylinder (Fig. 18) filled with water glass. In these experiments, how- 
ever, measurements were unsatisfactory because the volume of the 
solution (the solute plus solvent) was changed by increments of solvent. 
However, pressures of about 250 psi were measured with this apparatus; 
at higher pressures the cylinders invariably burst. In order to obtain 
more refined measurements at constant volume,-a small cell containing a 
flexible diaphragm was devised (Fig. 19). With this apparatus, pressures 
exceeding 550 psi were obtained (Fig. 20), the maximum pressure (curve 
for 38 percent solution, Fig. 20) being limited by the capacity of the gage. 
The osmotic pressure developed is not critically influenced by the thick- 
ness of the mortar disc through which the water must diffuse (Fig. 21). 
Reproducible results can be obtained only under isothermal conditions. 
The maximum pressure observed is of the same magnitude as the tensile 
strength of concrete, and if confined within concrete, could cause 
fracturing. 


Calculations from vapor pressure data**:?:* for the system, sodium 
silicate solution (Baumé 41°) and pure water, indicated osmotic pressures 
of about 420 psi, if the membrane is assumed impermeable to the sodium 
silicate, if the solution is assumed incompressible, and if no dilution 
of the solution by water takes place. These assumptions are not rig- 
orously correct, but they approximate conditions in the experimental 
system. The calculation cannot be applied to concrete, since the amount 
of water held by alkalic silica gels at an early stage in their formation is 
unknown. However, microscopic study indicates that prior to fracturing 
of the concrete the gels are considerably more viscous than the sodium 
silicate solutions employed experimentally. Within limits, higher 
viscosity of the gel in concrete probably correlates with higher osmotic 
pressures in the same way as do higher concentrations of sodium silicate 
in the solutions (lig. 20). In view of the complexity of the physical- 
chemical system, the calculation is reasonably consistent with the greater 
pressures actually measured. 
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Fig. 20—Osmotic pressure measurements obtained with varying concentrations of water 
glass for '4-in. mortar discs. 


The data suggest that disruption of concrete due to cement-aggregate 
reaction is brought about by osmotic pressures developed in the alkalic 
silica gels. 


THE MECHANISM OF DETERIORATION 


Other sections of this paper have outlined the experimental methods 
and the data obtained through investigation of cement-aggregate reaction. 
In this section, an attempt will be made to correlate the various data 
and present a general hypothesis describing the mechanism of deteriora- 
tion. The sequence of events occurring in a concrete fabricated with a 
high-alkali cement and a reactive aggregate is explained below. 
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Fig. 21—Osmotic pressure measurements obtained with mortar discs of diferent thicknesses. 
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Fig. 22—Decomposed 
opal grain with radial 
fractures. 45X. 





During the mixing of the aggregate, cement and water and during the 
following several hours, the water acquires significant portions of the 
alkalies from the cement because of their preferential solubility. The 
concentration of the alkalies in this solution increases as the calcium 
silicates and aluminates progressively hydrate and extract water from it. 
In this manner, strongly caustic solutions form in the concrete during 
the period of set and the subsequent period of curing. 

Susceptible aggregate particles are attacked by the caustic liquid 
in the concrete, and alkalic silica gels begin to form from the siliceous 
substances of the rocks and minerals. The reaction proceeds most 
rapidly for highly reactive materials, such as opal, and more slowly for 
less reactive ones, such as glassy voleanic rocks. During their early 
history, the gels are probably highly viscous, but their viscosity is 
decreased as water is imbibed from the paste. The amount of water 
required for satisfactory mixing and placing of concrete considerably 
exceeds the amount required for complete hydration of the portland 
cement, so that water is readily available for the formation and hydration 
of gels. 

As a consequence to the formation of gels and their imbibition of 
water, osmotic pressures accumulate, producing stresses which distend 
and may ultimately rupture the paste immediately surrounding the re- 
active particle (Fig. 22). The fractures resulting from rupture of the 
paste act as reservoirs for the accumulation of gels. They originate as 
microfractures but continued imbibition of water by the gels causes their 
enlargement and extension, so that some of them intercept the outer 
surface of the concrete and appear as typical pattern cracking. Exuda- 
tion of gels from these surface cracks commonly takes place. 

Formation of numerous fractures will account for the decline in 
strength and elasticity as well as the expansion of concrete affected by 
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cement-aggregate reaction. However, wide variations in rate and degree 
of deterioration may be observed for different concretes because of 
variations in reactivity of the aggregate, in alkali content of the cement, 
in moisture availability, in temperature range, etc. Exceptionally high 
porosity of either aggregate particles or the cement paste may accommo- 
date the expansion of the newly formed gels and thus retard or prevent 
deterioration of the concrete. 


Cement-aggregate reaction accelerates other processes of deterioration 
of concrete by formation of fractures which permit ingress of water. 
Solutions carrying dissolved carbon dioxide convert calcium hydroxide to 
calcium carbonate, with consequent increase in volume. Susceptibility to 
freezing and thawing breakdown also is increased as fracturing and dis- 
ruption of aggregate-to-paste bond continues. Once these destructive 
processes have become operative, the history of the deterioration may 
become so complex that the primary cause of deterioration can be de- 
termined only by detailed petrographic and chemical investigation. 
Failure to recognize the process of cement-aggregate reaction prior to 
1940, in spite of a large number of existing examples, may be attributed 
in part to the fact that other types of deterioration frequently mask this 
reaction. 

A number of phenomena associated with cement-aggregate reaction 
cannot be clearly explained to date. It is not known, for example, 
whether limiting the alkali content of cement will eliminate reaction or 
merely greatly retard it, whether or not puzzolanic materials can release 
their alkalies and augment those of the cement, and whether the alkalies 
lose their potency with consequent. cessation of the gel-forming reaction 
after once combining with silica or whether they are capable of being 
regenerated through interaction with calcium hydroxide. 


CONCLUSIONS 


Following the recognition of the cement-aggregate reaction as a 
process causing deterioration of concrete, numerous examples have come 
to light. Extensive repairs and replacements have been required by 
some of the structures thus affected within a relatively short time after 
construction. ‘The economic problem arising from these destructive 
forces justified a rather thorough investigation of the nature and char- 
acteristics of the deterioration,.and experiments on some of the more 
important economic aspects of the problem are being continued. 

Petrographic methods serve to distinguish between this type of 
deterioration and deterioration caused by other processes. Reaction rims 
and alkalic silica gels within microfractures and voids serve as reliable 
criteria for this purpose. Other observable phenomena can be used as 
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criteria to estimate the extent of deterioration. Opal, chalcedony, 
tridymite, intermediate to acidic volcanic glasses, and probably the 
hydromicas of some phyllites, are recognized as deleterious constituents 
of concrete aggregates. 

Deterioration of concrete due to cement-aggregate reaction is accom- 
panied by decline in strength, significant expansion and development 
of cracks on the surface. The destruction arises from osmotic imbibition 
of water by alkalic silica gels which form through interaction between 
the aggregate and the alkalies liberated by the high-alkali cement during 
hydration. These pressures exceed the tensile strength of the concrete 
and cause the formation of fractures, which probably are sufficiently 
extensive to account for the increase in volume and the decline in strength. 
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Crack Control in Portland Cement Plaster Panels* 


By BERT A. HALLT 


SYNOPSIS 


Desirability of using portland cement plaster for surfaces exposed 
to water spray and condensation impelled Bureau of Reclamation studies 
of cause and control of its cracking. Tests indicated shrinkage to be the 
chief factor in cracking of portland cement plaster. Method of applica- 
tion described eliminates restraint at all edges of the plaster slab, allow- 
ing shrinkage to take place without stress development and the attend- 
ant cracking. Savings are effected by application of successive plaster 
coats at 24-hour intervals; damp-curing of individual coats is elimi- 
nated, and the final curing period is shortened by careful control. 


INTRODUCTION 


Water spray, common at hydroelectric power plants, and condensation 
which occurs in dam galleries and gate chambers are detrimental to the 
relatively soluble lime and gypsum plasters. Under such conditions of 
dampness it is desirable to employ portland cement plaster. At Grand 
Coulee Dam, portland cement plaster was used in lobbies, corridors, 
offices, rooms for storage, and toilets in the eleven-story concrete control 
building at the left power plant and in numerous chambers and galleries 
in the dam. 

In addition to its greater permanence, portland cement plaster more 
closely matches the texture and color of adjacent concrete that is not to 
be plastered; it has greater strength, hardness and water resistance; 
it is more nearly vermin-proof. In spite of these advantages, however, 
there has been a general reluctance to use portland cement plaster be- 
cause of its objectionable tendency to crack due to its relatively high 
drying shrinkage. The first plaster placed at Grand Coulee Dam on 
metal lath was applied in accordance with accepted standards, and this 
plaster cracked objectionably. 


*Received by the Institute May 14, 1947. : 
tAssistant Supervising Engineer, U. S. Bureau of Reclamation, Coulee Dam, Wash. 
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Extensive studies were undertaken by the Bureau of Reclamation to 
determine the fundamental causes of this cracking and to develop a 
method of eliminating it. Out of these studies a method of construction 
was developed at Grand Coulee Dam which resulted in portland cement 
plaster work so satisfactory that bureau specifications are being revised 
to conform to it. This new method of construction recognizes that 
ordinary portland cement plaster will shrink because of the loss of water 
in drying, and makes provision for these plaster slabs or panels to take 
this shrinkage without cracking. A considerable amount of portland 
cement plaster was placed with this new method at Coulee Dam. This 
plaster has now taken its full shrinkage, and practically all of the panels 
are crack-free and otherwise satisfactory in all respects. 

A practical, dependable technique has been developed which will make 
possible satisfactory future work in portland cement plaster and stucco. 
The present aversion of plasterers and others to the use of portland cement 
plaster will undoubtedly diminish as they become familiar with the new 
technique involved, and discover that good, dependable, crack-free port- 
land cement plaster panels are not only possible but readily practicable. 

Since the proper use of portland cement in plaster has been a contro- 
versial subject, even among manufacturers, the development of this 
new method of construction is described in the belief that it may be of 
material help to designers and builders. 


RESUME OF STUDIES AND EXPERIMENTS 


The Bureau of Reclamation conducted experiments and made studies 
of the following factors encountered in plaster work: 


(a) Mix proportions and consistencies 

(b) Sizes and grading of sand 

(c) Use of admixtures such as orvus, lime, and ground asbestos in 
varying amounts 

(d) Compressive strength 

(e) Shrinkage characteristics 

(f) Effect of duration of drying time between plaster coats 

(g) Methods of curing 

(h) Surface conditioning before placing succeeding coat 

(i) Thickness of plaster coats 

(j) Methods of trowelling and finishing surfaces of each coat 

(k) Effects of method of application 


The tests were conducted on concrete walls and on metal-lathed parti- 
tion walls and suspended ceilings. 
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It was determined from a review of these studies and experiments 
that, except for (e) Shrinkage characteristics, cracking was not primarily 
caused by any of the above factors. Therefore space here is given only to 
the new method of construction, and the results obtained are herein- 
after described. 


Where the currently used, or “‘restrained’”’ method of construction was 
employed, typically unsatisfactory portland cement plaster was pro- 
duced with the standard mix proportions normally used by the trade. 
Where the new, or ‘unrestrained’? method of construction was used, 
entirely satisfactory portland cement plaster was produced with the same 
mixes. Consequently these mix proportions are being retained in the 
bureau specifications for future use. 


COMPARISON OF PLASTERS 


Cracking of the more commonly used plasters is usually caused by 
settlement in the building, swelling of the wood lath, or by improper 
mixing, application, curing, or some cause other than shrinkage. In 
portland cement plaster, shrinkage due to drying is a factor that must 
be provided for if cracking is to be controlled. 
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Fig. 1—The “restrained” method of construction currently used provides for such 
restraining elements as bond and corner re-inforcement. Shrinkage stresses can 
find relief only by pulling the weaker ceiling slab apart, forming uncontrolled cracks. 
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CONSTRUCTION DETAILS AND PRACTICES FOR “RESTRAINED” PLASTER 


Most of the practices generally used with gypsum and lime plasters 
were accepted and also used with portland cement plaster. To permit a 
ready comparison of the old “‘restrained’”’ method of construction with the 
new “unrestrained’”’ method, which latter tends to revise established prac- 
tices, the major construction features of each are described in this and 
the next section of this report. 


Briefly, the principal features of the old ‘‘restrained’’ method were: 


(1) The ceiling and wall slabs were fixed together as rigidly as 
possible with such restraint as was afforded by metal reinforce- 
ment and interlocking bond between the different coats of wall 
and ceiling plaster. As seen in Fig. 1, metal lath or special 
metal corner reinforcement was brought down 6 in. on the walls. 
This structural restraint together with the strength of bond be- 
tween the wall plaster and the concrete base, and between the 
ceiling plaster and the wall plaster, gave greater strength to the 
juncture of the wall and ceiling slabs than to any other part of 
the ceiling slab. 


(2) Each coat of plaster was damp-cured and then allowed to dry 
thoroughly, after which the elusive “proper conditioning for suc- 
tion”? was sought before the next coat was applied. 
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Fig. 2—Check or craze cracks in portland cement plaster properly bonded to 
concrete base. The plaster has been dampened to show the location of the 
s, since they are largely invisible when the plaster is dry. 
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Fig. 3—A portland cement 

laster slab on a metal- 
athed suspended ceiling, 
showing the typical separ- 
ation at the juncture of the 
ceiling slab and adjacent 
walls when provisions such 
as shown in Fig. 5 are 
made for the complete 
freedom of movement of 
the plaster as shrinkage 
occurs. Wall plaster or 
moulding would conceal 
this separation. 











METHOD DEVELOPED TO ELIMINATE PANEL CRACKING 


A considerable amount of shrinkage occurs in a slab of portland cement 
plaster due to drying. If plaster is placed on a concrete wall and is prop- 
erly bonded to that wall, the strength of bond will be greater than the 
tensile strength of the thin slab of plaster, and the shrinkage cracks which 
then occur will be small, because of their vast number, and they are for the 
most part invisible after the plaster has dried. Such cracks may be dis- 
cerned in moistened plaster as shown in Fig. 2. If, however, this plaster 
is placed on a suspended metal-lath ceiling there is no such bond to 
prevent the shrinking of the slab. It will then either shrink as an un- 
broken mass away from the walls if it is not restrained along its edges or 
elsewhere (Fig. 3), or if bonded at the edges it will pull apart (crack) at 
lines of restraint or weakness within the slab. (Fig. 4). 

Therefore, in order to control cracking, new designs were prepared, and 
precautions were taken in constructing the ceiling and wall slabs to be en- 
tirely separate and free each from the other as shown in Fig. 5, instead of 
tying the ceiling and wall slabs together in accordance with general prac- 
tices of the trade. No metal corner reinforcement is used in this new 
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Fig. 4—A portland cement pee slab on a metal-lathed suspended ceiling, 


showing typical conditions of cracking within the slab caused when restraining 
elements such as shown in Fig. 1 prevent the plaster slab from shrinking as an 
unbroken mass towards its center. The main shrinkage relief crack runs through 
a light outlet box shown with fixture removed. 


method. A suspended ceiling is completely free for limited horizontal 
movement. At the ceiling line, bond between the ceiling plaster and the 
concrete wall is prevented by an application of a coat of paint or hot 
paraffin, a strip of tape or paper, or some similar material. The three 
coats of ceiling plaster may then be placed in advance of any wall plaster. 
Bond between the wall plaster and the ceiling plaster is similarly pre- 
vented. 


These provisions result in what might be considered a slip-joint, with 
the ceiling slab moving away from the concrete base, across the top edge 
of the wall plaster. Thus shrinkage finds adequate relief by pulling the 
panels away from their boundaries such as at the ceiling and wall juncture 
shown in Fig. 6. This opening, of course, is completely concealed from 
sight by the subsequently placed wall plaster. 

The freedom from restraint indicated in Fig. 5 is sufficient to control 
cracking if no rigid obstructions extend through, or no pilasters or other 
corners intrude into the plaster panel. If, however, rigid steel frames, 
such as may be placed at openings for heaters, air diffusers, light outlets 
or access Openings, are embedded in and bonded to the plaster, these 
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Fig. 5—New “unrestrained” method provides for a slip-joint at the juncture of 
the ceiling and wall slabs. With such freedom of movement, shrinkage stresses 
find adequate relief by pulling the ceiling slab away from the adjacent walls. 


The resultant separation is concealed from sight above and behind the bonded 
wall plaster. 


frames will obstruct or restrain the movement of the plaster as shrinkage 
occurs, and cracks are almost certain to develop at or near these points. 
Similarly, if in a ceiling slab the plaster is laid tightly against each side 
of a pilaster or against any intruding corner, the movement of the plaster 
at these obstructions is restrained, and a crack is likely to develop if the 
direction of movement is against such pilaster or corner. In the new 
method of construction, freedom of movement is provided at such points 
of potential restraint, by the placement of strips of a compressible ma- 
terial before the plaster is placed (Fig. 7), or by cutting away the im- 
mediately adjacent plaster with a trowel, before it has set. The plaster 
is then unrestrained, and the mass movement is possible without a break 
or crack in the plaster. 


The use just described pertains to metal-lath suspended ceilings in 
which the wall plaster, placed last, conceals the contraction joint opening. 
With obvious structural revisions, similar results can be obtained with 
plaster on metal-lath partition walls or with stucco, as the behavior of a 
slab of portland cement plaster is similar whether placed inside or out- 
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Fig. 6—A close-up view of the separation along the wall opposite that seen in 
Fig. 3. This photo shows the amount of shrinkage (°4 in.) away from this wall. 
— was used to prevent bond between the plaster and the adjacent concrete 
wall. 
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Fig. 7—A strip of felt placed around this rigid light-outlet box is seen compressed 
on the one side by the plaster as shrinkage stresses pulled the plaster from that 
direction. With such freedom for movement the plaster remains crack-free. 
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side, horizontally or vertically. Paneling walls and filling contraction 
joints at the juncture of the panels would be the principal difference 
for wall work, inside or outside. Suitable mouldings, metal beads or 
strips, plaster or plastics may be used to fill or conceal these openings 
whose locations would be pre-determined; in most cases such conceal- 
ment would be necessary only at the panel boundaries. 

Another deviation from established and accepted practices was made. 
The established practice called for damp-curing each coat of plaster 
for a period of 2 to 7 days, after which it was allowed to dry thoroughly 
and was then ‘‘conditioned for suction” before the next coat was applied. 
Contrary to practices formerly deemed “essential’’ by the trade, all 
coats of plaster on all ceilings and walls were placed successively, at 
intervals of 24 hours. Thus three ceiling coats and three wall coats in a 
given room were placed in 3 to 6 successive work days instead of the 10 to 
20 days or so, which would have been necessary if each coat were allowed 
to cure and then dry thoroughly before the next was applied. This new 
procedure allowed no coat to dry before the next was applied. No water 
cure was applied to any coat until the last coat (wall finish) had hardened 
sufficiently not to be injured by wetting. Thereafter considerably less 
cure was provided than deemed necessary by established practices. Slow, 
uniform drying was found to be of great importance. Practically all of the 
portland cement plaster placed with the “unrestrained” method of con- 
struction and the 24-hour interval of placement is sound and satisfactory. 
This sequence of placing has obvious economic advantages: 

(1) It permits the plasterers to leave scaffolding and equipment 
in place until a room is finished. 

(2) Speedy completion of work releases the rooms for eariler 
electrical, duct, terrazzo, or other work; in residential con- 
struction, it enables the contractor to complete all plastering 
in a house in a small fraction of the time previously required. 

(3) A considerable saving in the costs of damp-curing is effected. 

(4) Most of the inconveniences due to curing and due to protect- 
ing the plaster during the period of drying are eliminated. 


STUDIES AND DISCUSSION OF RESULTS OBTAINED WITH THE NEW METHOD 


Typical of the many slabs observed was the behavior of plaster on a 
metal-lathed suspended ceiling in one room 52 ft 6 in. long by 18 ft 7 in. 
wide. With no wall plaster in this storage room, the separation between 
the vertical edge of the ceiling slab and the concrete walls could be seen 
as well as measured, over a long period of time. Also, reference points 
were set in the plaster and measurements were taken at frequent in- 
tervals to permit plotting the extent and rate of the average shrinkage 
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Fig. 8—Amount and rate of shrinkage away from the walls of an 18 ft 7 in. by 52 ft 6 in. 
slab of portland cement plaster on a metal-lathed suspended ceiling where “unrestrained” 
construction was used. 


of the slab along transverse, longitudinal, and diagonal lines. The curves 
(Fig. 8) indicate that substantially all of the shrinkage of this 106-sq yd 
slab occurred during the first 244 months of exposure. 


Before plastering was started in this room, paper was laid against the 
concrete walls to prevent bond, and the ceiling plaster was laid tightly 
against that paper. Shrinkage openings totaling 34 in. occurred between 
the plaster and the concrete walls at the ends of the room. These open- 
ings, which represent substantially all shrinkage of the slab in a longi- 
tudinal direction, are shown in Fig. 3 and 6. Had the ceiling slab been 
allowed to bond to the two end walls a number of relief cracks, totaling 
approximately %4 in. in width, would have been formed transversely 
across the slab. However, with no restraint along the walls, and with 
complete freedom for horizontal movement as shrinkage occurred, not 
a single transverse crack was formed within this large slab. One small 
longitudinal crack did occur in the room, directly in front of the door 
opening, due, it is believed, to air currents passing along the ceiling 
between the doorway and the air diffuser opening in the ceiling, as evi- 
denced by drying of the plaster in this area during the early stages of 
the curing process. Paneling of this large slab was restricted to only 
one intermediate contraction joint which was located near the mid- 
point of the long dimension of the room. 


With shrinkage movements of this magnitude, it is obvious why relief 
must be provided at pilasters, intruding corners, rigid light outlet boxes, 
etc. Fig. 7 shows the necessity of providing relief at such an obstruction. 
A strip of felt, which had been placed around the light outlet: box shown 
in this photograph, permitted shrinkage stresses to pull the plaster slab 
from its original location, compressing the felt along one side of the box 
instead of pulling the slab apart at the box. 
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SUMMARY AND CONCLUSIONS 


The following conclusions have been drawn from the program of 
study and experimentation conducted by the Bureau of Reclamation 
on the causes of objectionable cracking in portland cement plaster, 
and from the results of the method of construction which has eliminated 
such cracking: 

(1) The high shrinkage coefficient of cement mortar or plaster 
is the basic element for consideration in crack eliminations. 

(2) Most of the objectionable cracking in portland cement plaster 
is caused by volume change due to shrinkage of the plaster 
as drying occurs. 

(3) This shrinkage cannot be avoided when portland cement is 
used. Since the shrinkage stresses are greater than the tensile 
strength of the plaster, provision must be made to allow a 
slab to take substantially its full shrinkage without restraint. 
A plaster slab of ordinary room size or larger can shrink away 
from its borders without cracking. [If the slab is restrained 
along its borders or elsewhere, the shrinkage stresses will 
find relief by cracking. Subsequent shrinkage will tend to 
open the crack or cracks so formed. 

(4) The openings or joints formed along the borders of slabs so 
freed, or at junctures of panels so freed, can be concealed by 
the design shown in Fig. 5, by the use of ornamental or plain 
beads or strips, by filling the openings with plastics or plaster, 
or by other means. 

(5) If drying conditions are properly regulated, the successive 
coats of portland cement plaster can be placed with complete 
success at intervals of not over 24 hours. If this is done, no 
coat need be damp-cured until the last coat is hard enough to 
receive water without damage. Thereafter, if too-rapid drying 
is prevented, considerably less water cure is required than has 
been customary in the past. 

(6) Precautions should be taken to provide for slow and uniform 
drying of the plaster, which will allow the plaster to gain 
strength and shrink uniformly. 

(7) The economic and other advantages of completing plaster in 
3 to 6 days compared with the 10 to 20 days previously re- 
quired where portland cement plaster is used, together with 
the savings effected in the cost of curing and protecting the 
plaster during the period of drying, are obvious. 

It is believed that if the suggested deviations from accepted practices 
are followed, portland cement will find an important place in plaster 
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and stucco work in construction and reconstruction throughout the 
world. 
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Discussion of a paper by Bert A. Hall: 


Crack Control of Portland Cement Plaster Panels* 
By ERWIN M. LURIEF 


The methods devised by the Bureau of Reclamation as a result of 
its studies and detailed in Mr. Hall’s excellent paper appear to be entirely 
reasonable, The writer was on the staff of the Associated Metal Lath 
Manufacturers and its successor the Metal Lath Manufacturers Associa- 
tion, when recommendations were made to carry the ceiling metal lath 
down onto the side walls. This recommendation was made as a result 
of a series of tests conducted at Armour Institute (now the Illinois 
Institute of Technology). It was learned then that continuing the metal 
lath around the corners aided materially in preventing cracks at the 
joints which occurred when reinforcement was stopped at the corners 
or entirely eliminated. These tests were largely conducted and findings 
determined for vertical angles, 7. e. where partitions or partition and 
wall intersect. 


It was also found desirable to continue the lath from the wall onto 
the ceiling because of the better results obtained in fire tests when this 
was done. In other words, the plaster was continuously reinforced 
around the corners. It is my recollection that all tests were made with 
gypsum plaster. Portland cement plaster, such as covered by Mr. 
Hall’s report, was not investigated at the time because that material 
is not commonly used in interior plastering except where moisture 
conditions are especially significant. The characteristics of gypsum 
plaster are quite unlike those of portland cement plaster, so that the 
amount of shrinkage which would occur in a gypsum ceiling as long as 
those tested by Mr. Hall likely would be insignificant if it was measur- 
able. Perhaps that is the reason that an investigation, such as the Bureau 
of Reclamation undertook, was not deemed necessary in the case of 
ordinary metal lath and plaster construction, However, the results 
obtained in the case of portland cement plaster panels as reported by 
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Mr. Hall are quite significant and it would seem entirely proper and 
desirable to take the steps which the Bureau found necessary to eliminate 
the ceiling cracks by breaking the continuity of the metal lath where 
walls and ceiling meet and to use the slip joint and sequence of application 
of the plastering coats as recommended in that report. However, | 
would believe that, although desirable and necessary in the case of 
portland cement plastering, their required use is questionable in the case 
where gypsum plaster is used on both walls and ceilings. 
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Deterioration of Concrete in Brine Storage Tanks* 


By INGE LYSEt 


Member American Concrete Institute 


SYNOPSIS 


A survey in Norway revealed serious deterioration of concrete storage 
tanks for low-temperature NaCl and CaCl, brine. Laboratory tests in- 
dicated deterioration was caused by low temperature rather than brine 
action alone. It is believed that the brine penetrates the concrete, pro- 
ducing a salt solution which varies from relatively high concentration at 
the surface to very low concentration some distance within. Low brine 
temperature will produce freezing of the water of the concrete except 
where salt concentration is sufficient to prevent it. At a certain depth 
from the surface, salt concentration will be just sufficient to give an 
equilibrium between freezing and no freezing of the water. Here there 
will be a continual freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disintegration. Sug- 
gested remedies are thorough drying to remove water near surface of 
concrete, and a seal coat to prevent brine penetration, 


In recent years concrete storage tanks have been used extensively 
in Norway for the brine in refrigeration plants. Some of these tanks have 
shown signs of deterioration of the concrete a few years after their com- 
pletion. The concrete has begun to leak, and the leakage has increased 
rapidly, so that extensive repairs have been necessary. Large portions 
of the concrete in direct contact with the cold brine have disintegrated, 
while other parts have remained less damaged. The CaCl, brine has 
generally caused greater disintegration than the NaCl brine. 

In an attempt to investigate the cause of this disintegration, and 
if possible to find a way of preventing such damages in the future, the 
Concrete Laboratory of Norway's Institute of Technology began a 
thorough study of the problem in the fall of 1942. The study was divided 
in two main portions. First an extensive study was made of the concrete 
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storage tanks which were being used in refrigeration plants for dairies 
and breweries. From 1942 to 1944 visits were made to 42 different 
dairies and breweries where concrete tanks were used. (These visits 
made it also possible to obtain permission to travel for illegal purposes in 
an occupied country.) Some of the tanks were found in very bad con- 
dition, and extensive repairs had to be made. Other tanks were in fairly 
good condition. All tanks had been built between 1935 and 1941. The 
capacity of the tanks varied from 1,850 to 79,000 gallons. The concen- 
tration of the brine corresponded usually to a salt content of 18 to 2] 
percent by weight. 

The other part of the study consisted of an elaborate experimental 
investigation in the Concrete Laboratory. The program for the first 
series of tests is given in Table 1 which contains information as to the 
mixtures of the mortars and concretes which were used. The water 
content was such as to give a slump of about 4 in. for all mixtures. The 


TABLE 1—MIXTURES FOR FIRST SERIES 








Mortar Concrete 

Designation Mixtures Designation Mixtures 
by weight | by weight 
A 1:2 1D 1:1.5:1.5 

1 1:2:2 
B 1:3 G 1:2.5:2.5 

C 1:4 H 1:3:3 
D 1:5 J 1:3.5:3.5 





test specimens were 4-in. cubes. They were cured at a temperature of 
20 © (68 F) and 100 percent relative humidity for 3, 7 and 28 days before 
being subjected to testing. One group of specimens was tested for com- 
pressive strength. Another group was submerged in CaCl, brine and 
placed in the refrigeration plant of the laboratory where the temperature 
varied between zero and 14 F. A third group was placed in the air of 
the refrigeration room and permitted to dry out until tested for com- 
pressive strength 10 months later. 

Results of tests of the first group are presented in Fig. 1 and show a 
general agreement with the water-cement ratio law. Similar results 
were obtained for specimens in the third group, except that strengths 
were considerably higher than in the first group because the specimens 
were tested in a frozen condition. 

The specimens in the second group were removed regularly from the 
refrigeration plant and weighed. ‘The increases in weight for the speci- 
mens which had been cured 7 days in the moist room before being sub- 
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Water-Cement Ratio, %,by Weight 
Q83 072 062 256 250 O45 
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Fig. 1—Compressive strengths of concrete in first series 
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Fig. 2—Increase in weight of 7-days specimen in low-temperature CaCl)-brine 
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jected to the brine are shown in Fig. 2. The weights of the specimens 
increased considerably very soon after the submersion in the CaCl, 
brine. The lean mixtures are seen to give the greatest increase in weight, 
but even the very rich mixtures showed considerable increase in weight. 
It was noted that cracks appeared in the cubes, and that the great in- 
crease in weight corresponded to large cracks. Fig. 3 shows some typical 
samples of the cracking of the specimens. Finally the cracks became so 
large and the disintegration so complete that portions of the concrete 
broke loose from the cubes. This caused reduction in weight as shown 
in Fig. 2. All cubes in the brine sooner or later disintegrated completely. 
This was true of all mixtures and for all three different lengths of moist 
curing. 

As the studies of the storage tanks at the various refrigeration plants 
had indicated greater disintegration for CaCl. brine than for the NaCl 
brine, a second series of tests was carried out for an investigation of 
this. The concrete mixes were the same as those given in Table 1, but no 
mortar was included. The results of the compressive tests were similar 
to those of the previous series of tests. The increases in weight during 
the time of submersion in the NaCl brine are given in Fig. 4. It is noted 
that the increases in weight are more rapid and reached a maximum 
at an earlier date than the specimens in the first series of tests. How- 


Fig. 3—Typical samples of 
the cracking of the concrete 
specimens 
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ever, the appearance of the specimens was quite similar to that of the 
first series. It must thus be concluded that the effect of the NaCl brine 
was quite similar to the effect of the CaCl, brine. 


In a third series of tests the concrete mixes were limited to water- 
cement ratios of 0.80, 0.67, 0.57 and 0.50 by weight. Part of the con- 
crete was given an admixture of calcium chloride corresponding to 4 per- 
cent of the weight of the cement, while another portion contained no 
admixture. In order to study the effect of the brine temperature on the 
disintegration of the concrete, one group of specimens from this third 
series was submerged in NaCl brine at a temperature of about 20 C 
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Fig. 4—Increase in weight of 7-days specimens in low-temperature NaCl-brine 


(68 F) while another group was submerged in the same type of brine at 
low temperature from —18 C to —10 C (zero to 14 F), and a third group 
was submerged in CaCl, brine at the same low temperature. The con- 
crete cubes were cured in the same manner as the first series of tests 
prior to the varying exposures. For all mixes, compressive strengths 
were higher for the concrete containing calcium chloride than for the 
concrete without admixture. The concrete specimens submerged in 
brine at regular room temperature showed no sign of disintegration and 
practically no change in weight. The specimens submerged in low 
temperature brine, NaCl or CaCl, behaved as in the previous groups. 
The calcium chloride admixture showed a definite detrimental effect on 
the durability of the concrete. 

This series of tests proved that it was the low temperature of the 
brine which was detrimental to the concrete. It seemed likely that 
this was because the brine penetrates into the concrete to a certain 
depth and thus produces a salt solution in the concrete, varying from a 
relatively high concentration near the surface, to a very low concen- 
tration at some distance from the surface. The low temperature of the 
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brine will produce freezing of the water of the concrete except in those 
portions of the specimens where the salt-solution is of sufficient con- 
centration to prevent freezing. At a certain distance from the surface 
of the specimens the concentration of the salt would be just sufficient to 
give the equilibrium between freezing and no freezing of the water. At 
such a point there would be a continual freezing and thawing action as 
the temperature of the brine changed a few degrees. This internal 
freezing and thawing of the specimens will cause rapid disintegration of 
the concrete. 
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Fig. 5—Increase in weight of 7-days specimens in low-temperature CaCl.-brine subse- 
quent to 13 months drying out in refrigeration room 


The influence of factors other than freezing and thawing was con- 
sidered, but seemed to be of very little importance. The specimens 
submerged in brine at ordinary room temperatures did not show any sign 
of disintegration. This is also in agreement with the results of previous 
investigations of this matter. 

It seemed logical that preventing brine penetration into the concrete 
should eliminate the cause of the deterioration. A similar effect should 
result from drying out the specimens, so that water in the concrete was 
driven off from those parts of the specimens into which the brine would 
be likely to penetrate. In order to test this theory a new series of tests 
was made. Concrete specimens, moist cured 7 days and allowed to dry 
out for 13 months in the refrigeration room, were submerged in low 
temperature calcium chloride brine in the same manner as in the previous 
tests. The results of these tests are shown in Fig. 5. It is noted that the 
specimens gained weight rapidly after they were submerged in the brine. 

is was expected as the specimens were quite dry when they were sub- 
merged. This gain in weight was not sufficient, however, to bring the 
specimens back to their original weight at the time they were removed 
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from the moist room. While the gain in weight in Fig. 2 represents an 
increase in weight beyond the original weight of the wet specimens, the 
weight gain in Fig. 5 does not bring the weight back to the original 
weight of the specimen. 

This would indicate that there remained a layer of air between the 
core of the concrete which was not dried out and the portions of the 
specimens which absorbed the brine. There should thus be no diluted 
salt solution in the specimens and therefore no cause of repeated freezing 
and thawing. The results indicated that this is true for all mixes except 
the very lean ones (I and H). Visual inspection also proved that all the 
specimens except those from the lean mixes I and H gave no indication 
of damage from being submerged in low temperature brine. The damage 
of the lean mixes was very small, and showed no sign of increase after 
11% years of exposure. 


SUMMARY 


Concrete storage tanks for refrigeration plants in Norway have often 
shown a large degree of disintegration. Thorough investigations revealed 
that the disintegration was due to the low temperature of the CaCl. or 
NaCl brine. The salt solution seemed to penetrate and establish a 
plane of continual freezing and thawing in the interior of the concrete. 
To prevent this disintegration it is recommended that the concrete 
surface be permitted to dry out before being exposed to the low tem- 
perature brine. Otherwise the concrete surface may be coated with a 
waterproof material, such as plastic coatings, which will prevent the 
brine from penetrating into the concrete. 

When these precautions are taken, concrete storage tanks should not 
disintegrate while exposed to the low temperature brine used in the 
refrigeration plants. 
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Discussion of a paper by Inge Lyse: 
Deterioration of Concrete in Brine Storage Tanks* 
By RUTH D. TERZAGHI and AUTHOR 


By RUTH D. TERZAGHIt 


Professor Lyse has shown that the weight of concrete test specimens 
increased during immersion in brine at freezing temperatures. His 
demonstration of this interesting fact throws much new light on an old 
problem. The increase in weight seems to indicate that an appreciable 
quantity of liquid migrated into the specimens during immersion and 
froze in the pores. Since the liquid froze, it must be assumed, as pointed 
out by Professor Lyse, that its salt content was considerably lower than 
that of the brine in which the specimens were immersed. Professor 
Lyse has suggested that the lower salt content of this liquid is due to 
dilution with the original pore water of the concrete. There seems to 
be one additional process which might lead to a decrease in the salt 
content of the brine which migrated into the specimens. This process 
is absorption of salt by the hydrated cement. 


Numerous published analyses of concrete specimens which had been 
immersed in sea water indicate that hydrated cement is capable of ab- 
sorbing an appreciable quantity of chloride from sea water. Among 
these may be mentioned analyses given by Poulsenf{. A rough calculation 
based on one of these analyses indicates that the outer portion of a 
specimen of concrete took up 3.23 g chlorine ion, corresponding to 5.33 g 
NaCl, for each 100 g of cement originally present in the concrete. If the 
paste in one of Professor Lyse’s specimens, for instance a 1:2:2 concrete, 
had taken up the same quantity of salt, 100 g of concrete (containing 
20 g cement) would have a salt content of 0.2 x 5.33 = 1.066 g¢ NaCl. 


In order to estimate the effect of the absorption of roughly 1 g salt 
per 100 g concrete on the concentration of the brine contained in the pores 
of the concrete, we must know the quantity of brine which was absorbed 

*ACI Journat, Oct. 1947, Proc. V. 44, p. 141. 


tGeologist, Winchester, Mass. 
tPoulsen, A., Cement in Sea Water, Copenhagen, 1909, p. 56. 
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by the specimen, as well as the concentration of the brine. According 
to Professor Lyse’s Fig. 2, the weight of specimens of 1:2:2 concrete 
increased about 7 percent during immersion in NaCl brine at freezing 
temperatures. This gain in weight presumably represented brine which 
migrated into the specimen. Assuming that the brine contained 20 
percent salt, like that in the storage tanks described by Professor Lyse, 
the 7 g of brine, which were absorbed by 100 g of concrete, originally 
contained 1.4 g NaCl. Of this, roughly 1 g might have been absorbed 
by the paste, as estimated in the preceding paragraph. The remaining 
brine, with a weight of 6 g, would contain only 0.4 g salt, since 1 g of 
the original total of 1.4 g was absorbed by the paste. The concentration 


of the remaining brine would be = xX 100 percent, or 7 percent. Much 
) 

of the water contained in such a relatively dilute brine would freeze 
at the low temperatures (0 to 14 F) employed in the tests. The dis- 
ruptive effect of the freezing of this water would be superimposed on 
the effect of the freezing of the fresh water originally in the pores of the 
concrete. It is therefore conceivable that the extremely severe disruption 
of concrete during immersion in brine at freezing temperatures is due to 
absorption of salt from the brine which migrates into the pores of the 
specimen, and to the consequent raising of the freezing point of that 
brine to a temperature equal to or higher than the temperature of the 
specimen. 

The estimates contained in the preceding paragraph are merely in- 
tended as an indication of the amount of absorption which may take 
place under some circumstances. Whether or not such absorption actu- 
ally did take place in the specimens used in Professor Lyse’s tests could 
of course, be established only by chemical analyses of these specimens. 
The results of such analyses would constitute an extremely interesting 
contribution to our knowledge of the mechanism of frost action in the 
presence of salt solutions. 


AUTHOR'S CLOSURE 


Mrs. Terzaghi cites an additional action of the salt in the brine, namely 
the absorption of salt by the hydrated cement and the resulting decrease 
in the salt content of the brine which migrated into the concrete speci- 
mens. The author did not carry out chemical analyses of the concrete 
specimens and therefore is unable to furnish any test data on this side 
of the problem. However, Rune Hedin of the Swedish Research Institute 
for Concrete and Cement has made analyses of the free water in a con- 
crete wall which was damaged by the brine. 




















DETERIORATION OF CONCRETE IN BRINE STORAGE TANKS 148 -3 


S 





YVIMIQNIAC Pry SIHMAG 1 . 
re 


Gg. 


S 





/ 


Jemperatur vi be 


Temperature at initial freezing, degree C 
re 








Qo 








Oo 100 290 300 


Sivestand fron eisterners wareryla ¢ 17717 


Listonce v7 rain from the mrer surface of the cistern 
Fig. A—Maximal freezing temperature of the liquid phase of the concrete (from Dr. Hedin) 


His report of these analyses has recently been published in Proceedings 
No. 11, p. 45, of the Swedish institute. Dr. Hedin did not study the 
absorption of salt by the hydrated cement. 

The influence of this absorption would therefore come in addition to 
the salt content of the free water in the concrete. Fig. A* shows the 
results of Dr. Hedin’s study. 

These results support fully the author’s theory that freezing and 
thawing takes, place in the interior of the concrete and thus causes 
rapid disintegration. 


*Swedish Cement and Concrete Research Institute, Proceedings No. 10, p. 50, 1948. 
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Effect of Gypsum Content and Other Factors 
on Shrinkage of Concrete Prisms* 


By GERALD PICKETT 


Member American Concrete Institute 


SYNOPSIS 


The effects of gypsum content of cement and other factors on shrink- 
age and cracking tendency of concretes are investigated by methods 
described in a previous paper. An essential feature of the method is that 
prisms of the concretes are permitted to dry from only one side. It is 
found that there is in general an optimum gypsum content for each 
cement for minimum loss in weight, a different optimum for minimum 
shortening and still a different optimum for minimum warping. The 
data were too limited to indicate clearly whether or not there was also 
an optimum gypsum content for each cement for a maximum factor of 
safety against cracking. For the two cements of Type I used in this 
study the highest factors of safety were obtained with the highest gyp- 
sum contents used, indicating that the optimum was still higher. For 
the other cements there was no consistent indication that gypsum con- 
tent had any effect on factor of safety. Specimens wet-cured 28 days 
shortened and warped less but developed higher shrinkage stresses than 
specimens wet-cured 7 days. There are indications that the rate of 
hydration during the first few hours has an effect on shrinkage during 
subsequent drying. 


INTRODUCTION 


In a previous paper! certain methods of testing concrete were described 
in which prisms of concrete were allowed to dry from only one side. Also, 
theoretical analyses were made as to deformation and stresses within the 
prisms. According to the theory. upon which the analyses were based, the 
diffusion equation, better known as the equation of heat conduction, ap- 
plies to the shrinkage of concrete. 

According to the simplest form of the theory, the course of shrinkage 
of a specimen exposed to constant humidity depends on the magnitudes 
 @Recsived by the Institute May 9, 1947. 


+Professor of Applied Mechanics, Kansas State College, Manhattan, Kansas; formerly Research Physicist, 
Portland Cement Association Research Laboratories, Chicago, Illinois. 
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of three factors characteristic of the concrete: (1) unit shrinkage, Sq, 
which the concrete is approaching, (2) diffusivity coefficient of shrinkage, 
k, and (3) a surface factor, f. By comparing the amounts of actual 
warping and shortening of specimens drying from only one side with 
the amounts predicted from theory, some of the more fundamental prop- 
erties of the concrete composing the specimens can be studied. In dis- 
cussing applications of this method of study brief mention was made, 
near the close of the paper referred to, of an investigation of the effects of 
gypsum content of the cement on the properties of the hardened concrete. 
The present paper gives the results of that investigation in detail. The 
data are not extensive enough and the theoretical analysis not reliable 
enough to warrant unqualified conclusions. However, the results seem 
sufficiently instructive to warrant presentation at this time. 


GENERAL FEATURES OF THE TEST METHOD 


As already indicated, an essential feature of the method is the drying 
of prismatic specimens of the concrete under investigation from only one 
side instead of from all six surfaces as in the usual test for volume change. 
When prisms dry from only one side they tend to warp as well as shorten. 
If such specimens are permitted to warp freely while drying, the shrink- 
age stresses that always accompany drying are smaller than they would 
be if the specimen were permitted to dry either from two opposite sides 
-or from all sides. Although reduction in shrinkage stress is desirable for 
some studies, the chief reason for permitting the specimens to dry from 
only one side is to observe their warping tendencies under this condition 
of drying. Simultaneous measurements of warping and shortening pro- 
vide much more information on the properties of concrete than is pro- 
vided by shortening alone. Moreover, additional information is pro- 
vided whenever companion specimens, also drying from only one side, 
are restrained against warping and the necessary restraint measured. 
Both types of specimens, those free to warp and those restrained against 
warping, are used in the study. 

On the assumption that the concrete follows Hooke’s law for the stresses 
involved and that the factors So, k, and f are constants, the following 
equations were derived in Ref. 1 for a free-warping specimen: 


SoF; (2 ) 
ke 


deflection of center = S oF» (2 : ) 
2b gE OF 


unit shortening 


II 


where 
S. is the ultimate shrinkage that each element tends to approach 
under the ambient conditions. 











EFFECT OF GYPSUM CONTENT ON SHRINKAGE 151 


lis the span over which deflection is measured. 
b is the distance between the exposed surface and the opposite sealed 
surface. 


F, and F; are functions of the non-dimensional parameters and ; 


k is the diffusivity of shrinkage. 

f is a surface factor expressing the relation between the shrinkage and 
its gradient at the exposed surface. 

t is the period of exposure. 




















Fig. 1—Theoretical curves showing the ratio of unit 
shortening to final shortening vs. the square root of the 
time parameter 
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: Fig. 2—Theoretical curves showing warping vs. the square 
} root of the time parameter for a prism drying from one side 


Fig. 1 and 2 (same as Fig. 8 and 9 of Ref. 1*) show the functions F; and 


F; respectively vs. the square root of the parameter for several different 


b ; ; ; i; ’ 
values of the parameter . As mentioned in Ref. 1, using V¢ as abscissa 
*The symbols B and T given in Fig. 1 and 2 are abbreviations for folk and kt/b2, respectively. The 


symbols 6», Hn, and Gn» given there are functions of the parameter fb/k, the functional relationships being 
given graphically by Fig. 2, 5, and 6 of Ref. 1, respectively. 
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gives a nearly straight line for an appreciable portion of both theoretical 
and experimental plots of shortening and of warping. 

According to theory, as shown by Fig. 2, the warpage of free-warping 
specimens will, on exposure to drying, reach a maximum and then slowly 
decrease toward zero. Also according to theory, the moment required 
to prevent warpage would be directly proportional to the tendency to 
warp and therefore would also reach a maximum and then slowly de- 
crease to zero. The warpage of actual specimens appears to be in good 
agreement with theory while warpage is increasing but during the de- 
creasing part it lags behind the theoretical and does not return to zero 
when drying ceases. Instead, the specimen retains a permanent warpage 
amounting to one-third to one-half of maximum warpage. On the other 
hand, as a result of plastic deformations, the moment required to prevent 
warping of restrained-warping specimens, after reaching a maximum, 
reduces to zero and becomes negative if the test is continued long enough. 

An important feature of this method of testing is the determination 
of a factor of safety against cracking. As soon as several successive daily 
readings of the moments required to prevent warping indicate that the 
restraining moment has started to decrease, the moment acting on certain 
of the specimens is arbitrarily increased gradually over a period of several 
minutes until failure in flexure occurs. The ratio of the moment required 
to produce failure to the maximum developed under restraint is designated 
as the factor of safety against cracking. 

The factor of safety determined in this manner (restrained warping) 
is to be distinguished from that obtained from the restrained-shrinkage 
test. In the restrained-warping test the central section is, at least in 
theory, completely restrained against warping but not restrained against 
shortening; the specimen is in effect under about the same conditions as 
the usual free-shrinkage specimen that dries from all surfaces; more 
precisely it is under the same conditions as a free-shrinkage specimen 
of twice its thickness and drying from only two opposite surfaces. In 
the restrained-shrinkage test, on the other hand, the specimen not only 
does not warp (because of the mutual restraint of opposite halves) but in 
addition is partially restrained against shortening. 


MATERIALS, TESTING PROCEDURE, ETC. 
Cements 


The cements were prepared from five different commercial clinkers. 
The chemical compositions of the five clinkers are shown in Tables 1 and 
1A. 

Clinkers 1, 3, and 5 are very similar in their computed C;S and C.S 
contents. However, they differ considerably in their Al.O;-Fe:O,; ratios, 
the ratios being 4.2, 0.95, and 2.0, respectively. They also differ in that 





w 
a 


EFFECT OF GYPSUM CONTENT ON SHRINKAGE 


































| | 
cz 0 [tu jiu } | 60°0 €t'0 br 0 ert ¢ 
Il 0 [ru £20 60°0 £0°0 220 ¢0°0 t 
0f 0 yu £20 } 60°0 tL 0 Z1'0 co'0 £ 
9% 0 } £0°0 12% 90 °0 80 °0 OF 0 0£ 0 } z 
82° 0 | 09°0 860 | I¢ 0 £0°0 910 } Lt0 | I 
} OP9 ‘19S | onprsey “ON | 
®OLL } 09d 901 *"IOHO ayqnjosuy | "OPUW 50d OFM OFYN 30| |} 7a 
—_——$— $$ |_______ —_————$ |_| —— _____ |_____—__— — | - — — ——__! —_____— qe] 
1yFIem Aq ue.Ied 
‘queseid sanuenty 
SLNINOdWOD) YONIW YOd SISATVNV—VI F1VL 
"VI AQB Ul U@AIS B} Up 9} WO] paUTe}Qo 919M SU0I}IG1109 9804} UI pasn S}UsUOdUIOD JOUTU Jo S}uNOUIB BAT}O0dSeI OY, 
'‘OFUWW 8680 — OF peHodey = 
(OUW 0} paiefnopeo tgzuyy) — OFpy pewsodeay = Op pe}0e110D 
OP) 214 — OPO TMOL = Ong peurquiog 
OPAFIIL'T — *O%2y peHodey = *O%ay pe}0a110+) 
(O'd + *OLL) — *ORLVY pewodey = ¢Q%7pP peye110g 
‘anpisel afqnjosuy — *or1g peyioday = %OIg pey0elI0D 
:SMOT[OJ SB SISA[BUB BPIXO [BUOTJUBAUOD 9Y} WIOIJ POUTBIGO 919M SUOTIIIIIOD, 
es ; Bye TOS Be jetty a Ge Ee, Se a Es ee 
soz 90 6 00°S% | OF Ze ce '¢ 90° #9 SFG 9° 2% Z€°0 02 0 ere | 8F'S se '¢ 669¢T ¢ 
69°¢ c6 1 99°O¢ | 8¢' 8 cZii 8t °S9 Zs 1 G8 Lz 9% 0 Zt 0 est | 481 L0°% OL9ST a 
2 €1 | 19'€ 8¢' 9% | LE ss 9e 1 82 $9 ce 'y CO €% col €0°0 wa. | get 8¢'F EZ9C1 £ 
192 62 OL | 0'6 Lo 99 I€°t | 00°¢9 0c '% L906 cs 0 6t°o | 96 T | €o°% 28 ¢ S6FCI z 
cl ¥ (L bl | 6b Es | EL 0¢ LL @ ce #9 9¢'°T ro 1G ct'0 It 0 £9°% £26 €8°9 L9ECI I 
Ss ee cee a | | SSO'T “ON } 
A Ase) vA S*) S*O OOW OX) | *OPd | "OV 7018 ud] *OS' OOn 09 *OFd °OrIV ‘Ol’ oo 6] «6TH 
—— —_ __— ——__ — —_—— —- —— ———-—- -— — — -— —-— —-- —-— — -- — --- —_—--—— — —_—_—_ —— — — — — — —_ — --— — — “qBT | 


431Iem Aq JusoIed 
‘peullJe}ap SB SepIxG 


14yF1em Aq JudoIed 
*% P2}091100 SAPIXYH 


}4yZIemM Aq JusoIed ‘uoT} 
-1sodwi0o punoduio0s peynduioy; 








neers 


~ Qauvdaud 3YaM SINIWID HIIHM WOUd SYFINITD 4O SNOLLISOdWOD TV>IW3HI—! F19V1 





154 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1947 


Clinker 5 has a comparatively high alkali content whereas Clinkers 1 and 
3 are low in alkali. Clinker 2 is relatively high, and Clinker 4 is relatively 
low in computed C;S.* Based upon chemical compositions only, the 
A.S.T.M. classificationt of the cements prepared from these clinkers 
would be as follows: 


NI tog oS n'y wise a sec dees alee Type I 
ne ok yw do wh.e vk Type III 
Sc OONiy Wh Shae ik ck lao igalie ale 4 Se Type I or II 
I Ss ailing land galls wisp 6-0 veo 019 Type IV or V 


From each of these clinkers cements of three different finenesses, 
coarse, medium, and fine were prepared by grinding at the plant. In 
addition, two cements, one of low and one of high gypsum content, were 
prepared by grinding clinker and gypsum in a small laboratory ball mill. 
The desired fineness and SO; content for each cement were obtained by 
blending different grinds from the same clinker. 

These are 5 of the 12 materials used by Lerch? in his study of the in- 
fluence of gypsum on cement hydration. These five were also included 
in the study by Powers and Brownyard* of the physical properties of 
hardened portland cement paste. t 
Concrete 

All concrete mixes were 1 :2.43:2.97 by weight with a w/c of 5.5 gal per 
sack (net). The fine aggregate was graded sand from Elgin, Illinois, 
0-No. 4, and the coarse was No. 4-3%-in. Elgin gravel from the same source. 


Specimens 

All specimens were 2 x 3 in. in cross-section, by about 3 ft in length. 
They were cured for either 7 or 28 days under water. After curing they 
were kept in a room maintained at 76 + 1 F and 50 + 2 percent relative 
humidity. Before exposure to drying the specimens were sealed on all 
but one 2-in. side so that moisture would be lost from only one surface. 
This surface was a side as cast. Half of the specimens were permitted 
to warp freely and half were restrained against warping. For further 
details see the appendix of Ref. 1. 


Measurements 

The specimens that were permitted to warp were measured periodically 
for the amount of warping, for dynamic modulus of elasticity and for 
changes in length and weight. After 308 days of drying, three of the four 
identical sets of these specimens were tested in flexure for modulus of 
rupture and the broken ends tested in compression as ‘‘modified prisms.” 
The fourth set was kept for future use. 


*Hereinafter, for brevity, the adjective ‘‘computed”’ will be omitted in any reference to compound 
composition. 

tA.8.T.M. Designation: C150-44. 

tIn these two papers the designations were 15367, 15498, 15623, 15670, and 15699, respectively, for 
clinkers here designated by 1, 2, 3, 4, and 5. 
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The specimens that were restrained against warping were placed, 
with exposed side down, on a loading bench. They were simply supported 
over a 32-in. span. At the quarter points of the span two equal forces 
were applied by means of the loading mechanism. These forces were 


TABLE 2 


Mix = 1:2.43:2.97; w/c = 
coarse aggregate = Elgin No. 4-3,-in 


5.5 - per sack (net); fine aggregate = 


Elgin 0-No. 4; 





Group 1—Effect of composition of cement 














Specific SO; Wet 
Clinker | surface content curin 
(Turb.), of the soled 
em?*/g cement, days 
percent 
1 
2 7 
3 1800 1.9 28 
4 
5 





Type and size 
of specimen 


Free-warping, 
2x3x37 in. 
Restrained 
warping, 
2x3x34 in. 





No. 
of 
identical 
sets 








Total number of specimens, 80 





Group 2— Effect of SO; and fineness upon cements prepared from Clinker 1 











Specific SO; Wet 
surface* content curin 
(Turb.), of the po 
em?/g cement, days 
percent 
1500 .; : 7 
2100 1.§ 28 
2. 4 
3.5 














Type and size 
of specimen 


F ree warping, 
2x3x37 in, 
Restrained warping, 
2x3x34 in. 


No. of 
identical 
sets 








Total number of specimens, 128 











Group 3- 


Effect of SO; content of cements prepare od from Clinkers 2, 


3, 4, and 5 











Specific SOs Wet 
Clinker | surface* | content curin 
(Turb.), of the period, 
cm?/g cement, days 
ps ent 
2 7 
3t 1800 
4 28 
5t 3 





*Specific surfaces given are the nominal values based on SOs, content of 1.9 percent. 


| 


| + Type and size 
of specimen 


Free-warping, 
2x3x37 in. 
Restrained warping, 
2x3x34 in. 


No. 
of 
identical 
sets 








Total numbe r of specimens, 116 


To take into 


account the surface added by the gypsum as distinct from the rest * the cement, the actual specific surface 
was increased 5 cm?2/g for each 0.1 percent ine rease in SOs (see Table 5) 
tOnly one set for cement of this clinker with 2.4 percent SOs was prepared. 
tThe SOs; contents for cements of this clinker were 2.4 and 3.5 percent instead of 1.5 and 2.4 percent. 














156 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1947 


maintained in such a way that the upward displacement of the center 
point was only 1/12 of what it would have been without the loads. It 
follows from theoretical considerations that this is the proper degree of 





restraint to prevent warping in the central half of the span, the part under 
uniform bending moment. ‘These forces were measured daily until ' 
several successive daily readings indicated that they had reached their 


maximum values and started to decrease. The forces were then increased 
gradually over a period of several minutes until failure in flexure occurred, 
The breaking load was recorded. 
Layout of Tests 

Certain details pertaining to the layout of the tests are given in Table 2. 


RESULTS AND DISCUSSION 


The more important results taken from all three groups of specimens 
listed in Table 2 are summarized in Tables 3 to 5. Most of the results 
are shown graphically in Fig. 3 to 12. 

In Fig. 3 to 10 the abscissas are square roots of days drying. The 
diagrams on the left side of these figures represent specimens cured wet 





r Cured 7 days ( BaF? Cured 28 days- — : 
1000 Specific Surface | | 1800 Specific Surface 
5 | 198 $0, Weight Loss 19% 50) 
é " Clinker 45 er ah | 
. > —— py o> is Clinwer 4, 


Wegrt- Loss 
- 
all¥ 
4 
} 











Pp e 
a 
= «xl - ‘ ei 
3 z Clinker | yh a 
s iA) 
so} Fpl 
200) 
5 


& - 
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Fig. 3—Weight-loss, unit shortening and warping of specimens made 
with cements of different clinker compositions 
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for 7 days before the drying period and those on the right represent speci- 
mens cured 28 days before the drying period. The upper diagrams show 
weight loss in percent; the middle diagrams show unit shortening, and 
the lower diagrams show warping as measured by center deflection over a 
32-inch gage length. 

Fig. 3 shows primarily a comparison of the five clinker compositions, 
Fig. 4 the effect of fineness of grinding of cements from Clinker 1, and 
Fig. 5 to 10 the effect of adding different percentages of gypsum to the 
various clinkers during grinding. 












































Cured 7 days Cured 28 days 
y 4 
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Fig. 4—Effect of fineness of grinding of cements prepared from 
Clinker 1 on weight-loss, unit shortening and warping 
0 


Since warping and shortening both are due to shrinkage, and shrinkage 
is due primarily to loss of water, one might expect the various specimens 
to line up the same way for all three quantities, weight-loss, shortening, 
and warping, but this is not the case. Some specimens lose more weight 
and shorten less than other specimens. And some specimens shorten 
less and warp more than others. These and other seeming anomalies 
will now be discussed and explained in part. 


Cements of different clinker composition 

Fig. 3 shows that specimens from Clinker 4 lost more weight but 
shortened less than any of the others. The difference in weight-loss was 
more pronounced for 7-day curing than for 28-day curing. The greater 
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weight-loss is attributed to slower hydration of the cement. Clinker 4 
is relatively low in both C;S and C;A and therefore would have hydrated 
less at a given age than the other cements. The intermediate position of 
the specimens made with cement from Clinker 3 is attributed to its in- 
termediate rate of hydration, this clinker being low in C;A but of average 
C,S content. 

Specimens made with cement from Clinker 5 warp more than the rest. 
The early shortening of these specimens appears to be retarded, but even- 
tually, they shorten more than any of the other specimens. In the case of 
28-day curing the curve for Clinker 5 cuts across all the other curves, 
showing the least shortening for specimens from this clinker at the end of 
one day of drying, and the most at the end of 300 days of drying. An 
explanation for this performance was given in Ref. 1. It was shown by 
theoretical analysis that the principal differences between specimens 
made with Clinkers 5 and 1, in regard to shortening and warping, could 
be explained as a difference in their coefficients of shrinkage diffusivity 
(see Fig. 17 and 18 of Ref. 1). The lower the coefficients of diffusivity, 
other factors remaining the same, the slower the early shortening, and the 
greater the maximum warping. The final shortening is independent of 
diffusivity, and the early warping is practically independent of diffusivity. 
The difference in shrinkage diffusivity of specimens of Clinkers 5 and 1 
was attributed in Ref. 1 primarily to the difference in alkali content of the 
clinkers. The work of Haegermann‘ was quoted to show that addition of 
sodium or potassium sulfate also reduced the shrinkage diffusivity. 

Since Clinker 5 differs from Clinker 1 in more than alkali content, and 
since more than one property is influenced by alkali content, an explana- 
tion based upon differences in shrinkage diffusivity alone cannot be com- 
plete. The complete explanation will have to await further studies. 

The other principal difference in the chemical composition of Clinkers 

and 5 is that between their ratios of C;A to C,4AF. In general, as 
shown by Haegermann‘ and others, the higher this ratio, other factors 
remaining the same, the greater the final shortening of specimens sub- 
jected to drying. However, according to Fig. 3, the final shortening of 
specimens from Clinker 5 was greater than the shortening of specimens 
from Clinker 1, which result is opposite to what would be expected from 
the C;A-C,AF ratio alone. As explained by Lerch,’ an increase in C3A 
content will cause an increase in shrinkage unless the hydration of the 
cement is properly retarded; the amount of gypsum necessary for proper 
retardation depends not only on the amount of C3;A present, but also 
on the alkali content.* According to Lerch, approximately 3 percent 


*Lerch says, ‘‘A properly retarded cement is defined on the basis of the shape of the heat-liberation curve 
during the first 30 hr. of hydration. A properly retarded cement is one that contains the minimum quantity 
of gypsum required to give a heat-liberation curve that shows two cye les of ascending and descending rates 
— no appreciable change with larger additions of gypsum." 
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SO; would be required for proper retardation of the cement of Clinker 1, 
and 5 percent or more SO; would be required for proper retardation of the 
cement of Clinker 5. Therefore, it appears that the specimens from 
Clinker 5 have the greater final shortening primarily because the com- 
bination of C;A and alkali is such as to make them relatively more 
deficient in SO3. 


Effect of curing and fineness of grinding 

In every case, Fig. 3 to 10, the indicated final shortening of specimens 
cured 28 days was less than the indicated final shortening of the cor- 
responding specimens cured 7 days. And in almost every case the 
maximum warping of specimens cured 28 days was less than the maximum 
warping of the corresponding specimens cured 7 days. However, as 
shown by Fig. 12, larger restraining moments were required to prevent 
warping of the specimens cured the longer time. 


Fig. 4 shows the effect of varying the fineness of grinding of cements 
of Clinker 1. The finer the grinding, the less the weight-loss. This is 
attributed to the smaller proportion of unhydrated residue with the 
finer ground cements. The difference in weight-loss is less pronounced 
for 28-day curing than for 7-day curing, which is reasonable since the 
degree of hydration at the end of 28 days of curing is less dependent on 
fineness than it is at the end of 7 days. 

Although finer grinding and longer curing each increased the amount 
of hydration and reduced the loss of water on drying, they had opposite 
effects on shortening for Clinker 1.. Finer grinding increased the shorten- 
ing whereas longer curing decreased it. The work of Lerch? indicates 
that cements deficient in gypsum become more deficient (i. e., more SO; 
is required) with increase in fineness of grinding. Therefore it seems 
probable that the greater shortening with increase of fineness of grinding 
could have resulted from greater deficiency in gypsum rather than from 
fineness of grinding as such. 

The effect of fineness of grinding on warping is similar to its effect on 
shortening, indicating that the effect, if any, on shrinkage diffusivity 
was negligible. 

Effect of sulfate content in cement of Clinker 1 

Fig. 5 and 6 show for cements of Clinker 1 the effect of adding different 
percentages of gypsum during grinding. Fig. 5 represents cements 
ground to a specific surface of 1500 and Fig. 6, those ground to 2100. 
The losses in weight for the 1.5, 1.9, and 2.4 percent SO; contents were 
practically equal, but the loss for 3.5 percent is somewhat greater than 
that of the rest. All specimens shortened about the same amount during 
the first week or two of drying, but after that the more the sulfate, the 
less the shortening. As mentioned previously, Lerch? found a minimum 
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Fig. 5—Effect of sulfate content on weight-loss, unit shortening 
and warping. Cements prepared from Clinker 1, specific surface 
1500 cm?/g 


shortening for mortar specimens of this cement when the SO; was about 
3 percent. It appears from Fig. 5 and 6 that a higher percentage of SO; 
in this cement would be required for minimum shortening of concrete 
specimens. 

The effect of increase in sulfate on warping is somewhat different 
from its effect on shortening. The increase in sulfate reduces warpage at 
the very beginning of exposure to drying, and this reduction is main- 
tained up to the time of maximum warpage. The specimens with higher 
sulfate reach their maximum warpage later than those with lower sulfate. 
Effect of sulfate on f and k 

The foregoing indications of the effect of sulfate on warping could be 
explained on the basis that increase in sulfate reduces either shrinkage 
diffusivity factor k or the surface factor f. When values of f and k are 
selected on the basis of best agreement between theoretical and experi- 
mental values of warping for given periods of drying, it is found that 
both f and k are smaller for specimens made with cement of higher sulfate 
content.* However, if the values of f and k are selected on the basis of 
best agreement between theoretical and experimental values of shorten- 
ing, not only would the f’s and k’s be different from those obtained from 


*By proper selection of f and k, good agreement can usually be obtained up to a little beyond maximum 
warp. Reference is made to /’s and k's so evaluated. 
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Fig. 6—Effect of sulfate content on weight-loss, unit shortening and 
wave- Cements prepared from Clinker 1, specific surface 2100 
cm*/g 


data on warping but they would increase rather than decrease for in- 
creases in sulfate. 


All the f’s and k’s obtained in this way from data on warping are 
smaller than those obtained in a similar way from data on shortening. 
This discrepancy increases as the sulfate content increases since, as just 
stated, the f’s and k’s obtained from warping decrease and those obtained 
from shortening increase with increase of sulfate. Just why an increase in 
sulfate should have opposite effects on these factors in the two tests is 
not immediately obvious. Of course, as pointed out in Ref. 1, one should 
expect discrepancies between the different types of test since simplifying 
assumptions were made in deriving the theoretical equations. But one 
should be able to explain the discrepancies in a qualitative way on the 
basis of the manner in which the properties of the material are supposed 
to depart from those assumed in the derivation. Such an explanation 
follows. 


Explanation for apparent effect of sulfate on f and k 


Before considering an explanation for the apparent effect of sulfate 
on f and k a review of some of the assumptions on which the theory is 
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based and of some of the deviations of concrete from these assumptions 
will be given. 

The theoretical equations are based on the assumption that shrinkage 
follows the diffusion equation even though the simple relations implied 
by that assumption are contrary to fact. These relations are: 

(1) The diffusion equation applies to the flow of moisture. 

(2) Unrestrained shrinkage of each elemental volume is pro- 

portional to the decrease in its moisture content. 

The coefficient of moisture diffusivity is actually not a constant but 
decreases as the moisture content decreases; therefore, the flow of mois- 
ture is different from that indicated by the diffusion equation for mois- 
ture.* Moreover, shrinkage is not a linear function of moisture content, 
shrinkage per unit loss of water being smaller for water first lost than for 
that subsequently lost. 

It so happens that the deviations from the two foregoing simple 
relations are such as to have opposite effects on shrinkage. The resultant 
effect is such that shrinkage appears to follow the diffusion equation, at 
least approximately, as indicated by the good agreement between theory 
and experiment in many respects. However, the way in which these 
effects combine will differ with type of test, size of specimen, properties 
of the concrete, etc., as is indicated by the explanation to follow. 

It is believed that hardened paste made with the cement of higher 
sulfate content contains a higher percentage of the larger capillaries than 
does that made with cement of low sulfate content. A higher percentage 
of larger capillaries would result in a larger initial value of k and therefore 
an earlier loss of water from the interior. Consequently, an increase in 
sulfate content would promote an early start of shrinkage in the interior 
with an apparent increase in f and k as far as data on shortening are con- 
cerned. However, because of the higher percentage of larger capillaries, 
more water will be transported from the interior to the surface in a given 
interval. This retards the drying of the surface region. Since warping 
depends on the degree of drying of the surface region relative to that of 
the interior, warping would be slower in those specimens containing a 
relatively high proportion of larger capillaries. Consequently, on the 
basis of this reasoning an increase in sulfate would be expected to be 
accompanied by a decrease in f and k as far as data on warping are con- 
cerned. 

Effect of sulfate content in cements of Clinkers 2, 3, 4, and 5 

Fig. 7, 8, 9, and 10 show the effects of adding various percentages of 

gypsum to cements of Clinkers 2, 3, 4, and 5, respectively. Cements pre- 


a » = 4 = & , where ¢ is that which is being diffused whether 


*The diffusion equation is k ( by Fat 3 


+ 


it be a real substance such as moisture, a form of energy such as heat, a potential such as temperature, or 
a property such as shrinkage that depends on a diffusible material. 
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Fig. 7—Effect of sulfate content on weight-loss, unit shortening and 
warping. Cements prepared from Clinker 2 


pared from Clinkers 2 and 5 are affected by gypsum content in much the 
same way as that just reported for cements prepared from Clinker 1. On 
the other hand, cements of Clinkers 3 and 4 apparently are affected very 
little by additions of gypsum within the range used. The differences in 
effect are attributed primarily to differences in C;A and alkali contents. 

As shown by Table 1, cements prepared from Clinkers 2 and 5 con- 
tain slightly less C;A than those from Clinker 1 but have higher alkali 
contents. The indications are that the extra alkali of Clinker 2, as com- 
pared to that of Clinker 1, so compensates for its lesser percentage of 
C;A that the performances of cements of these two clinkers are approxi- 
mately the same for the same percentages of gypsum.* The extra alkali 
of Clinker 5 compared to Clinker 1 much more than offsets its smaller 
C;A content. 

Cements of Clinkers 3 and 4 are affected much less than those of 
the other three clinkers by additions of gypsum within the range used. 
Perhaps the smallness of the effect is due to the fact that the optimums 
for minimum loss in weight, minimum shortening, and minimum warping 
for cements of these two clinkers were within the range of SO; contents 


*There is less difference between 7- and 28-day curing for cements of Clinker 2 than for any of the others, 
evidently as a consequence of its relatively high CaS content. 
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Fig. 8—Effect of sulfate content on weight-loss, unit shortening and 
warping. Cements prepared from Clinker 3 


studied. Small changes of SO; in the vicinity of an optimum should 
have negligible effect on the property in question (tangent of curve is 
zero for maximum or minimum). 

For a given clinker the optimum SO; for minimum weight-loss is 
less than it is for minimum shortening. The optimum for minimum 
warping is usually about the same as for minimum shortening. 

The data do not cover a wide enough range and are not considered 
sufficiently reliable in all instances for precise determination of all the 
optimums.* The indications are that the percentages of SO; that are 
optimum for cements of Clinkers 3 and 4 range from 1.5 to 1.9 percent; 
those of Clinkers 1 and 2 range from 2.4 to 3.5 percent, and those for 
Clinker 5 are in excess of 3.5 percent, the highest percentage of SOs; 
used. 


Shrinkage vs. weight-loss 


Fig. 11 shows primarily the effect of SO; content on the relation be- 
tween unit shortening and percentage weight-loss. It shows that up to 


*The results for 1.9 percent SOs may not be wholly comparable with those at other SOs contents because 
the work on cements with 1.9 percent SOs was begun in the summer of 1942, whereas the work with the 
other percentages of SOs was not started until the following winter. The laboratory techniques or the 
laboratory conditions at the two periods may have differed slightly. 
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Fig. 9—Effect of sulfate content on weight-loss, unit shortening and 
warping. Cements prepared from Clinker 4 


about one percent loss in weight, the amount of shortening for a given 
loss may be either increased or decreased by increases in SQ;, but for 
greater losses in weight the shortening per unit loss is reduced for all 
specimens except those made with cement from Clinker 4. With Clinker 
4 there was a slight reduction in shortening per unit loss with increase in 
SO; from 1.9 to 2.4 percent for specimens cured 7 days, but other than 
this one slight reduction there was no observable effect of SO; on the 
relation between loss in weight and shortening for cements of this clinker. 
Perhaps the lack of effect on the relation is due to the relatively low C;A 
content of this clinker. Even if all the computed C;A (1.95 percent) 
were available for formation of the high-sulfate form of calcium sulfo- 
aluminate (3Ca0.Al,0;.3CaS04.314%4H.20), less than 1.7 percent SO; 
would be required for complete reaction of C;A. Perhaps only that SO, 
which reacts with C;A affects the relation between shrinkage and weight- 
loss. 


General indications shown by Fig. 3 to 11 
The results shown in Fig. 3 to 11 indicate that: 


1. An increase in alkali content reduces the diffusivity of shrinkage, 
as explained in Ref. 1. 
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Fig. 10—Effect of sulfate content on weight-loss, unit shortening and 
warping. Cements prepared from Clinker 5 


2. Increases in either C3;A or alkali content, unless accompanied by 
appropriate increases in gypsum content, result in increased maximum 
shrinkage and increased maximum warping. 

3. For each cement there is an optimum gypsum content for minimum 
shortening, another slightly different optimum for minimum warping, 
and another slightly different optimum for minimum loss in weight. 

4. Final shrinkage is not much different for different cements if each 
cement is used at its optimum gypsum content for minimum shrinkage. 
The same indication is also shown by Fig. 19 of Ref. 2. 

5. Specimens cured 28 days shortened less, warped less, and lost less 
weight than specimens cured 7 days. 


Explanation for effect of gypsum on shrinkage 


An explanation, not entirely new, will now be offered to account for at 
least part of the effects of C3A, alkali, and SO; on shrinkage. It is that 
the magnitude of shrinkage or swelling tendency depends primarily on 
the amount of surface formed during hydration. The difference in size 
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of gel particles, rather than their difference in composition, accounts for 
the difference in shrinkage. 

The above explanation is in accord with the results just discussed and 
with the findings of Lerch mentioned previously. Additional evidence 
will now be presented. 

Eq. 7 of Part 9 of Ref. 3 indicates that when a gram of water com- 
bines with either C,S, C;A, or CAF, about the same amount of new 
surface will be formed, and when it combines with C;S, about two-thirds 
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Fig. 11—Effect of sulfate content on relation between unit shortening 
and weight-loss for cements of various compositions 


as much surface will be formed. (See Eq. 3, 10 and 12 for definition of 
symbols represented in Hq. 7.) In the same way, Hq. 6 of Part 9 of Ref. 
3 indicates that after six months of curing each gram of C;A has caused 
more than four times as much water to become combined as has each 
gram of C,S and more than three and a half times as much as each gram 
of C,S.* When both the surface per gram of combined water and the 


*Aws indicated previously, reference is to computed composition; hence, the indications are approximate, 
quantitatively. 
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combined water per gram of each compound are considered, it appears 
that each gram of C;A has caused the formation of four times as much 
surface as a gram of C,S, five times as much as a gram of C;S and three 
times as much as a gramofC,AF.* These results indicate that particles 
of hydrated C;A average smaller than those of the other hydrated com- 
pounds. (The data of Ref. 3 indicate that for a hydrated C;A gel having 
a given surface area there is the same amount of fixed water as in the 
other compounds, but there is less of the compound.) 


Eq. 6 and 7 of Ref. 3 (Part 9) were obtained from a statistical 
study in which the effects of minor constituents including gypsum were 
neglected. The cements of greater C;A content did not as a rule have 
greater SO; contents and therefore probably had higher rates of hydra- 
tion during the first day of curing. The higher early rate of hydration 
might account for the greater surface per gram of cement. 


A study of Table 7 in the Appendix to Parts 3 and 4 of Ref. 3 and Fig. 
6 and 7 of Ref. 2 also support the theory that specific surface of the gel is 
influenced by the rates of hydration during the first day of curing. 
Columns 3 and 8 of Table 7 show that the ratio of surface area to com- 
bined water is reduced 10 percent for cements of Clinker 1 (No. 15367) 
when the SO, content is increased from 1.5 to 3.5 percent, whereas for 
cements of Clinker 3 (No. 15623) the ratio is increased 7 percent for the 
same increase in SOs. Fig. 6 and 7 of Ref. 2 give some explanation for 
this. They show for cements of these same clinkers that increase in 
SO; reduces the rate of hydration for cements of Clinker 1 and increases 
it for those of Clinker 3 during the first 24 hours. 

The above discussion is not intended to mean that composition of 
the clinker alone is without effect on shrinkage; it does indicate that there 
is a correlation between shrinkage, specific surface of hydrated cement, 
and early rates of hydration. It indicates that by controlling the rate of 
hydration the specific surface of the gel and shrinkage can be reduced. 
Possibly the reduction in shrinkage with increase in SO; for cement high 
in C;A results at least in part from the formation of crystals of calcium 
sulfoaluminate which would be of sufficient size to act as restraining 
bodies. However, if this were the chief reason, it seems fortuitous that 
when the optimum amount of SO; for minimum shrinkage is used the 
shrinkages for all cements would be so nearly the same. It seems more 
probable that most of the calcium sulfoaluminate particles are not much 
larger than those of the CoS and C;S hydrates and that the addition of 
gypsum merely causes the replacement of C;A hydrates of high specific 
surface by calcium sulfoaluminate of “normal’’ specific surface. On the 





*The values given are only indications of the relative effects of the various compounds on the amount of 
surface formed; they are not an absolute measure because the product of surface per gram of water and 
gramea of water per gram of compound does not give exactly the surface per gram of compound as assumed 
in the computations, Moreover, the effects of minor constituents were neglected, 
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other hand, one should not rely entirely on heat of hydration curves for 
indications as to the specific surface of the gel. Steam curing, for example, 
also reduces both the specific surface and the shrinkage of the gel, but 
at the same time it increases the rate of hydration. The steam curing 
in question was applied several hours after specimens were made. Data 
are insufficient to indicate clearly that high temperature during the first 
































































soo7——cured 7 days “ Cured 28 days —— —Cured 7 days - Cured 28 days 
Specitic Surface 1800 2 « Specific Surfoce Veried 2100 
Chinker $ 50, 19% , 505 19% 1800 
«0 
JI 
a 1800 
wo 3 “ 
4 
200 
100 
Clinker Compasition Varied Y/ Clinker Composition Varied Clinker Na / Clinker Na 
6 v 
“0 2 + 5 ° 2 4 6 
z 4 6 6 2 4 6 8 
c™ + T r T 5% 30, 
° Specific Surfece 1500 15% $0 Specific Surfoce 2/00 Ts 
Po S0y Voried “9 50, Voried 24 
400) 15% 505 sated 7) 45% 50 
- “9 a¢ 
4 24 4 36 
oO 
3 300 4s " 4 
oC 
” 
_ 7 
wv 
a 
100 
8 Clinker Not Clinker Ne / Chater Ne / Choker No 
° 1 + nm A n ni 1 nA 
a 
8 P “ og 4 6 . 2 . 6 P is ° 
C ao 
= + : es x r 
Specific Surfoce 1/800 9% Specific $: 
+ L9% 50, Voried 5 504 Varied 
wo “8 24 
” 74 aS 
4 24 
2 0 
= 
2) 
= 200 
oO 
= 
x 
or 
& 
Clinker Ne 2 Clinker No? Clinker No $ 
° 4 
2 4 6 ° 2 4 6 
2 a 6 8 6 
0. y 
Specific Surfoce 1800 Specific Surfece (400 
5Oy Voried 9% 503 voried 
19% “s 
wo 1s a 
4 18% 
a 
200 te 
100 
. 
Clinker Mo 3 Clinker No 3 Clinker No4# 
vt 2 a 6 2 « 
Br xe ° 











4 ° 8 
Square Root of Days Drying 


Fig. 12—Effect of various factors on restraint necessary to prevent 
warping 


few hours would also reduce specific surface. Possibly high temperature 
is beneficial in spite of accompanying higher rate of hydration. 


Moment developed by specimens restrained against warping 

Fig. 12, plotted from the data of Table 4, is intended to show some of 
the practical effects of sulfate content on the tendency of the concrete to 
develop shrinkage stress. As explained earlier, the specimens repre- 
sented here were companions to those represented in Fig. 3 to 11. They 
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differed only in the manner of testing, these specimens being ‘restrained 
against warping. Fig. 12 shows the computed stress, Mc/I, produced 
by the restraining moment, vs. the square root of the number of days of 
drying. An increase in sulfate reduced the required moment in prac- 
ically every case, although the effect was usually greater for the cements 
high in C;A. However, for these cements the percent reduction in stress 
was not as much as the percent reduction in warping. This indicates 
that an increase in SO; reduces plastic flow. Consequently, the net 
result is some reduction in shrinkage stress but not as much as would be 
anticipated from results of warping alone. On the other hand, for the 
cements low in C3;A the reduction in stress was as great as or greater 
than the sities in warping, indicating an increase in plastic flow due 
to increase in SO; for these cements. If with cements high in C3;A the 
SO; content were increased beyond the optimum, concretes made with 
these cements would probably also show an increase in plastic flow with 
increase in SO;. Possibly there is some correlation between plastic flow 
and specific surface of the gel. 


TABLE 5—STRENGTH AND FACTOR OF SAFETY 
Each value is the average of four separate tests. 








Surface area, Strength, psi Factor Strength, psi Factor 
Clink- |SO em?/g of of 
er per- Flex- Flex- Com- | safety?) Flex- Flex- Com- | safety4 
cent} Nominal) Actual ure® ure? pres- ure ure? pres- 
} slon* sion¢ 
7-day curing 28-day curing 
1 | 1.5) 1500 1480 847 928 6400 2.3 807 1073 6675 1.8 
1 1 1.9) 1500 1500 804 1004 6525 2.4 SS4 1085 6800 1.9 
1 2.4) 1500 1525 914 1060 7125 2.5 S58 1119 ci. ee & 
1 3.5 1500 1580 786 1031 6925 2.6 869 985 | 7250 | 2.9 
I 1.5) 2100 2080 848 1029 7150 1.9 890 1162 7175 1.7 
1 1.9) 2100 2100 S81 1144 7625 2.3 881 1190 7525 | 1.8 
1 2.4; 2100 2125 915 1096 7300 2.5 923 1200 | 8400 | 1.9 
1 3.5) 2100 2180 874 | 1100 7575 2.6 926 1200 | 8000 | 2.3 
1 | 1.9) 1800 1800 873 1081 7275 2.4 907 1093 7200 | 2.0 
2 | 1.5) 1800 1780 975 1071 7575 2.5 969 1060 7325 we 
2 | 1.9) 1800 | 1800 SS1 1121 7600 2.2 879 1116 | 7625 1.8 
2 2.4| 1800 1825 962 1134 7650 2.5 941 1116 | 7750 | 2.2 
— . - ——|——— —— ——|—_——|— ~ ee ae 
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—| —| . = —|————— a jaa aE 
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5 13 5| 1800 | 1880 | 845 | 1029 | 6725 2.2 901 | 1072 7425 2.0 
| | } 


a. Flexural strength of ‘restrained warping specimens shortly ‘after devel eloping maximum moment. 
b. Flexural strength of free-warping specimens after 300 days i in air at 50 percent relative humidity. 
c. Compressive strength of free warping specimens tested as modified prisms after 300 days in air at 50 
percent relative humidity. 
_ Ratio of moment required to produce failure to maximum moment developed by restrained warping 
specimen. 
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Strength tests 

The flexural and compressive strengths of the free-warping specimens 
after 300 days of storage in air at 50 percent relative humidity are given 
in Table 5. With only five exceptions out of 42, the free-warping speci- 
mens showed greater flexural strength after 300 days of storage in air than 
the restrained warping specimens did when they were tested for strength. 
Usually the restrained specimens were tested after from 3 to 5 weeks of 
drying under restraint. For the 5 exceptions the period of drying under 
restraint was from 2 to 3 months, the specimens having developed their 
maximum moment against restraint rather slowly. 


Factor of safety 


Finally, the factors of safety against cracking as determined by the 
restrained warping test are given in columns 8 and 12 of Table 5. For 
cements of Clinkers 1 and 5 the factor of safety is increased with in- 
crease of SO; within the range studied. But for cements of the other 
three clinkers the factors of safety are not much affected by changes in 
SO; content. As a rule specimens made from cements of these three 
clinkers had slightly lower factors of safety when the cements had an 
intermediate sulfate content. This may have been the result of slight 
differences in laboratory techniques as explained earlier, rather than the 
existence of a true minimum factor of safety at the intermediate sulfate 
content. 

* + * + + + 

Before making practical use of any of the results given in this paper 
one should remember that they were obtained under certain given con- 
ditions with a limited number of cements; they may not be directly 
applicable to field conditions or to different laboratory conditions. 


CONCLUSIONS 


On the basis of limited data the following conclusions are made tenta- 
tively: 
1. Increases in C;A content of the cement, unless accompanied by 


appropriate increases in gypsum content, result in increased shrinkage 
of the concrete made with the cement. 


2. Apparently, addition of gypsum up to the optimum percent reduces 
shrinkage by reducing the specific surface of the cement gel formed. 

3. Cement gels formed from the hydration of cements of high C;A and 
normal gypsum content are of higher specific surface than those formed 
from cements either of low C;A content or of high C;A content and 
sufficient gypsum to retard the early hydration properly. 

4. There is some indication that the rapidity with which C;A is hy- 
drated after the gypsum is depleted may be a factor in causing gels of 
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improperly retarded cements to be of high specific surface. It is also 
probable that gels formed from hydration of C3A are normally of higher 
specific surface than those formed from hydration of C2S and C;S. 

5. It is significant that the optimum gypsum content for minimum 
shrinkage is approximately equal to the gypsum content required for 
properly retarding the early hydration. 

6. Concrete specimens made of cements of high alkali content dry 
more slowly and warp more than those made with cements of low alkali 
content. 

7. The higher the alkali content of the cement the more gypsum 
required for properly retarding the early hydration of a cement of given 
C;A content. 

8. The tendency to develop shrinkage stress during drying was re- 
duced by increasing the gypsum content. Except for cements low in C;A, 


the reduction in stress was less than the reduction in warpage; this’ 


indicates that increasing the gypsum content decreased plastic flow 
under stress. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘copper-riveted’’ conclusiveness of formal treatises. 
“Answers” to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI hoses knowledge 
of concrete “know-how.” 


Removing Clinker Rings from Rotary Kilns (44-188) 


An 8-gauge smooth bore gun that fires a 3-oz lead slug is being used 
widely in cement as well as lime and refractory kilns for breaking up 
balled material and knocking out clinker rings. Some use is also made of 
the gun in open hearth furnaces. Eliminating the need for shutdowns 
to remove clinkers by hand, use of the kiln gun speeds clinker removal. 


The kiln is shut off, and while it is still at operating temperatures, an 
operator cuts a slot through the ring with a few well aimed shots from a 
kiln gun mounted on the kiln face or from one mounted on a cart which 
can be wheeled from one kiln to another. Cutting a slot usually breaks 
the “arch” in the ring, which falls in when the kiln resumes operation. 


Sometimes several slots or keyways must be cut. Balled material can be 
broken with direct hits. 


The kiln gun shell is loaded with a 3-oz cylindrical slug of 8-gauge or 
.830 in. in diameter. It has a muzzle velocity of 1,560 ft per sec and im- 
parts a blow of 7,100 ft lb of energy. The lead slug, melting at a tempera- 
ture far lower than kiln temperatures either vaporizes or mixes harmlessly 
with the product of the kiln after it has delivered its blow. For materials 
in which lead is an unwanted impurity, a zine slug is available. 


The kiln gun can be aimed to the right or left, up and down, to strike 
any portion of a clinker or ball. It is fired single-shot and a skilled 
operator can fire five to six shots a minute. From ten to several hundred 
shells, and from several minutes to an hour, are required to knock out a 
slot or keyway, depending upon the nature of the ring. Usually 25 
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to 50 shells are fired at an average ring, with the total cost for ammuni- 
tion averaging from $3.00 to $6.00. 

According to Western Cartridge Co., manufacturer, the kiln gun had 
its origin with a cement maker who conceived the idea of shooting out 
clinkers with a hunting rifle. Light sporting bullets at high velocity 
did not have sufficient smashing power and single ball shotgun loads were 
tried. Eventually the 8-gauge shell with its single cylindrical slug was 
adopted. The abrasive action of fine cement dust makes any but single 
shot guns impractical. 


Detector for Locating Reinforcing Bars in Concrete (44-190) * 
By L. T. CLEAVERT 


Where holes are to be drilled in concrete, such as those required in 
tunnel arch grouting, it is desirable to know the location of the rein- 
forcing bars so they can be avoided. The Bureau of Reclamation labora- 
tories have developed a metal detector which indicates the !ateral posi- 
tion of bars spaced as close as 6 in. and at depths up to 12 in. 

The distortion of a magnetic field by the metal bar is utilized in deter- 
mining the location in the concrete. This is shown in Fig. 1. 

Fig. 2 shows the complete electronic metal detector. The probe is 
an electromagnet excited by a 60-cycle voltage. The Detector-Indicator 
unit consists of appropriate electronic circuits to detect and amplify the 
incoming signal from the probe, further amplify the detected signal, and 
then feed this signal to either a visual or audible indicating device. 
The visual indicator is a cathode ray tube mounted in the Detector- 
Indicator unit, and the bar signal appears as a pip on the circular sweep 
appearing on the screen of this tube. In Fig. 3, this pip can be seen 
near the 3-o’clock position of the screen. The audible indicator is a high 
impedance headphone set which can be plugged into the Detector- 
Indicator unit. The headphones can be used when the sound level in the 
immediate vicinity permits the positive observance of tone variations in 
the headphones. When the headphones are used, the presence of a bar is 
indicated by an increase in signal volume accompanied by a distinct vari- 
ation in the tone heard. The visual indication is more positive than the 
audible one. 

Fig. 3 shows the detector in operation. In this instance, the probe 
is picking up a 4-in. iron bar at a distance of 10 in. 

By careful adjustment of the sensitivity control on the Detector- 
Indicator unit and close observance of variations in pip amplitude on the 
screen of the cathode ray tube, the operator can estimate the distance 


*See JPP Section, ACI Jouunatr, June 1942, p. 527, for discussion of another method of locating rein- 
forcement in hardened concrete. 
tEngineering Aide, Bureau of Reclamation, Denver, Colorado. 
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Fig. 1—Distortion of the magnetic field gives an indication of the presence of a metal 
bar embedded in concrete. 
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Fig. 2—Complete electronic metal detector showing component parts 
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Fig. 3—Operation of the 
electronic metal detector. 
Tace and pip are shown on 
face of the cathode ray 
tube. Probe is picking up 
a metal bar }4 in. in diam- 
eter, located 10 in. from 
probe 











between the embedded metal bar and the probe. However, no provision 
has been made in the present equipment to give a precise measurement of 
this distance. 


4 The complete equipment weights 30 lb and is portable. The Detector- 
| Indicator unit is contained in a cabinet 11 by 9 by 6 in. The electro- 
magnetic probe is 22 in. long. The cable connecting the probe to the 
Detector-Indicator unit is sufficiently long to allow a wide area to be 
covered by the operator in exploring operations. A 110- to 120-volt, 60- 
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cycle, alternating-current souce is necessary to provide power to the 
equipment. 
Patent application covering this electronic metal detector has been 


made in the name of the United States Government. The patent is 
pending at present. 


Limonite as Coarse Aggregate (44-191) 


Q—A New York reader has inquired as to the structural suitability of 
concrete made with a coarse aggregate consisting of limonite. 


By RICHARD C. MIELENZ* 


A— As limonite (hydrated ferric oxide) occurs in nature, it may be soft 
and friable or moderately hard, and it is usually finely porous and ab- 
sorptive, and high in specific gravity (as high as 4.0). Typically, the 
limonite is admixed with other substances, such as clay. Consequently, 
if used as coarse aggregate, limonite may contribute to weakness, low 
abrasion resistance, and reduced freezing-and-thawing durability of 
concrete. If the iron oxide is oxidized or hydrated incompletely, con- 
tinued oxidation or hydration may cause progressive volume increase of 
the aggregate particles, and consequent distress of the concrete. How- 
ever, limonite probably would not be deleteriously reactive with con- 
stituents of portland cement. 


Because of the extreme variability in physical properties and chemical 
composition of limonite, the suitability as aggregate of any particular 
source should be determined by tests of concrete containing the material, 
and the tests should be designed to simulate conditions under which the 
concrete is expected to serve. 


Deterioration of Sacked Cement (44-192) 


Q—We have the problem of storing cement in paper bags in the 
Philippines. Under existing conditions of temperature and humidity, 
how long will the cement remain satisfactory for use? 

A—An Institute member writes, “The question of preventing de- 
terioration of sacked cement is one that has given our industry a great 
deal of trouble, and we have not found any satisfactory solution to the 
question, especially where conditions of extreme hum dity and sudden 
temperature changes are encountered. The deterioration ean be defi- 
nitely minimized, however, by keeping the storage space at a tempera- 
ture higher than the outside air and by preventing the free circulation of 
air into the space. The covering of stock piles with tarpaulins has. at 


*Head, Petrographic Laboratory, Engineering and Geological Control and Research Division, Bureau 
of Reclamation, Denver, Colorado. 


~ 


ee 
ne 





= 


ee eae 


ae eS 


: 








182 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1947 


times been found helpful in that it reduces the exposure to circulating 
air.” 


Information regarding the effect of long periods of storage may be 
found in ‘Causes and Effects of Alteration of Cements Due to Long 
Period of Storage Prior to Their Use,” La Genie Civil, V. 99, No. 16, 
Oct. 17, 1936, p. 340. (See Current Reviews, ACI Journat, Jan. 1937, 
Proc. V. 33, p. 354.) Discussion from other members of their experiences 
with this storage problem may be of value to the questioner. 


Vibration of Air-Entrained Concrete (44-193) 


Q—I have recently written a new pavement specification, including 
air-entrained concrete for the first time. In going over the literature on 
air-entrained concrete, only one small reference was discovered on the 
subject of vibrating. What is the value or lack of value of vibrating this 
type of concrete? 

By H. S. MEISSNER* 


A—Compaction of concrete by vibration is as effective for air-en- 
trained concrete as ordinary concrete. I would advise its use with both 
types. There is, however, danger of removing some of the entrained air 
if vibration is too prolonged. We have accumulated some data both 
in the laboratory and in the field on this point. This does not however 
mean that vibration compaction should not be used on air-entrained 
concrete. Realizing that some of the air might be removed, the proper 
amount of air could be initially entrained which would give the final 
desired quantity. 

In compacting air-entrained concrete in a half-cubic-foot unit weight 
container, it has been found that about 50 percent of the entrained air 
was lost when the vibration continued for 245 min. Eighty percent of 
the entrained air was lost if vibration was kept up for 9 min. Both of 
these periods are, of course, inordinate for practice and it would not seem 
that too much air would be lost from the concrete if a moderate amount 
of vibration is used. Tests in the field have indicated that, on the aver- 
age, the amount of entrained air might be reduced from a desired 5 per- 
cent to 34% percent for vibration which was 10 sec in excess of a normal 
amount. 


*Research Engineer, Materials Laboratories, U. S. Bureau of Reclamation, Denver, Colorado. 
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Slope-deflection applied to the design of restrained beams—1 
B. Eriksen, Concrete and Constructional Engineering, (London) V. 42, No .7, July 1947, pp. 207-211 
Reviewed by GLENN MurRpHy 
In this, the first of a series of articles, the author develops the fundamental equations 
of the slope-deflection method and presents a table giving values of slopes for 12 different 
types of loading. 


Raft foundation at Millwall 
Concrete and Constructional Engineering, V. 42, No. 7, July 1947, pp. 212-214 
Reviewed by GLENN MurpHY 
This article contains description of the design of a raft foundation which carries a 
total load of 1440 tons comprising 12 vats and four reaction vessels. The raft is approxi- 
mately 39 ft by 42 ft and it is placed on a clay foundation. The slab, which is 12 in. 
thick, is reinforced with welded steel fabric and it is composed of 1:1 2/3:3 1/3 concrete. 


A million-gallon concrete reservoir in Uganda 
Concrete and Constructional Engineering, Vol. 42, No. 6, June 1947, pp. 196-199 
Reviewed by GLENN Murpuy 

This article describes the design and construction of a reservoir with bottom area of 
124 ft x 54 ft and a depth of 17 ft. The floor and sloping sides consist of a 5-in. slab 
superimposed upon a 4-in. slab, with a coat of mastic between. The 6-in. roof slab is ' 
supported by concrete columns. Precast construction was used in much of the structure 
to facilitate the use of native labor. 





A precast concrete water tank 
Concrete and Constructional Engineering, V. 42, No. 7, July 1947, pp. 229-230 
Reviewed by GLENN MurRpHY 


—_-- 


Precast reinforced concrete units were used in the construction of a 5300 gal water 
tank. The internal dimensions of the tank are about 14 by 29 ft and 32 in. deep. The | 
bottom of the tank is elevated sufficiently that the substructure serves as a shelter. The 
beam and slab construction which supports the bottom of the tank is placed on concrete 
block walls. Tongue and groove joints were used between the units to insure water 
tightness, and after erection the inside of the tank was waterproofed. 
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Analysis and model tests of series of solid-spandrel arches 
G. G. Meyreruor, Concrete and Constructional Engineering, Vo. 42, No. 6, June 1947, pp. 177-185 


Reviewed by GLENN Murpuy 

In the second installment of this series the author presents the analysis of a solid- 

spandrel arch fixed at one end and hinged at the other. The same assumptions are made 

as in the preceding installment, and the analysis is carried out for a concentrated load 

and a uniformly distributed load as well as for a temperature change. Verification of 

tests carried out using celluloid models with a span of about 10 in. indicated close agree- 
ment between theory and model tests. 


Two viaducts at Ladybower Reservoir 


Concrete and Constructional Engineering, Vol. 42, No. 6, June 1947, pp. 187-191 
Reviewed by GLENN Murpuy 
In the construction of the Ladybower Reservoir in Derbyshire by the Derwent Valley 
Water Board, relocation of a road became necessary. Relocation involved the con- 
struction of two viaducts, one having a total length (with approaches) of 946 ft, the 
other of 630 ft. One structure consists of seven spans, the other of five spans. Each 
roadway is carried by four longitudinal girders of lattice steel construction enclosed 
in concrete and supporting a deck slab which carries the roadway and pipe duct. The 
paper includes details of foundation construction, superstructure erection, and dis- 
cussion of expansion joints. A number of photographs are included. 


Concrete buffer-stops 
Concrete and Constructional Engineering, Vol. 42, No. 6, June 1947, pp. 193-195 


Reviewed by GLENN Murpuy 
The Southern Railway (England) has recently installed a number of buffer-stops 
for use on sidings. Each stop consists of five precast concrete blocks, each approximately 
8 ftx8ft10in.x1ft9in. The five blocks, having a total weight of 20 tons, are bolted 
together and are equipped with hardwood blocks 24 in. x 14 in. x 7 in. to absorb the 
direct impact. In operation they are placed about 30 ft from the end of the siding and 
are slid along the rails by the impact of the cars shunted into the siding. The blocks 
may be restored to their original positions after impact by a crane or by sliding them 
along the tracks with a switch engine. 


Two reinforced concrete bridges at Boroughbridge 
Concrete and Constructional Engineering, V. 42, No. 7, July 1947, pp. 21 


~~ Ooe 
7-22 


-222 
Reviewed by GLENN MuRPHY 


This is an abstract of a description in Commonwealth Engineer of a method for pre- 
stressing reinforced concrete pipes. The method is being used in Australia for 15-in. 
diameter pipes and is said to give satisfactory results. The principle of the process is 
the stretching of circumferential reinforcement by applying pressure within the pipes 
before the concrete had hardened. This is accomplished by inserting an expansible 
core of sheet metal within the pipe. Sand is packed in the space between the core and 
the pipe, and water under a pressure of from 200 to 3000 psi is applied within the core. 
Pressure is retained until the concrete has hardened. Pipes prestressed by this process 
have satisfactorily resisted internal pressures of 175 psi which is about twice the internal 
pressure which a pipe of the same dimensions and materials would resist without pre- 
stressing. 
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Prefabricated concrete structures test new design concepts and construction techniques 
ARSHAM AMIRIKIAN, Civil Engineering, V. 17, No. 7, July 1947, pp. 25-28 Reviewed by J. R. SHANK 


Precasting procedures were developed and used on two large concrete storehouses for 
the navy at Mechanicsburg, Pennslyvania. 

Hollow box sections were made for the bents by bolting channel sections together. 
One hundred polished surface molds were used to cast 4,000 pieces. High early strength 
cement, eight to nine bags per cu yd with pea gravel and crushed stone screenings were 
used. High elastic limit wire mesh steel was the major part of the reinforcing. Concrete 
was truck mixed and vibrated into place under winter weather conditions. Forms were 
removed as early as 20 hours. Pipe inserts were cast for the bolting. Erection points 
were doweled and grouted. Adjoining reinforcing bars were welded at joints. 


The building was generally flat-roofed over three 67-ft bays with overhang. The bents 
forming these bays were spaced 20 ft. These bents were made up of columns and 
haunched beams with joints in the columns near the floor and at the tops, and in the 
beams at the expected points of inflections. One-and-one-quarter-in. roof slabs 5 x 20 
ft were square-ribbed, 8 in. deep ribs at all edges and 6 in. at intermediate points, making 
approximate 5 ft squares. Struts ran transverse to the bents at the tops of the columns. 


The heaviest piece to erect weighed 7 ton. The first building was erected in 40 days 
and the second in 18 days. No cost figures were given 


Constucton of west coast building proves economical use of pumped concrete 
8S. Peruitrer, Civil Engineering, V. 17, No. 6, June 1947, pp. 20-23 Reviewed by J. R. SHank 


Construction of a large floor area, three-story (with mezzanine and full basement) 
building at Los Angeles, Calif. demonstrated the value of pumpcreting procedures. 
The building provided 261,500 sq ft of floor area and used 15,000 cu yd of concrete in 
piles and mats, columns, floors, and walls including architectural concretes in the 
exterior walls. 


Three thousand pound concrete with 3-in. slump was used in two batches, one using 
114-in. maximum aggregate and 5.5 bags of cement per cu yd and the other 1-in. and 5.0 
bags of cement. The concrete was ready-mixed at a plant 2144 miles away and dumped 
into a remixer set directly over the pumpcrete machine. An 8-in. pipe line in 10 ft 
sections with special quick-opening toggle couplings was used. The line was carried on 
trestles 6 ft high to the out-fall point where it was delivered into a short chute. The 
longest line of pipe was 475 ft horizontal and 40 ft vertical. The pumpcrete machine 
was a heavy-duty, single-acting horizontal piston pump, the power for which cost one 
cent per cu yd of concrete. Two proprietary admixtures were used. 


The concrete placement crew consisted of three vibrator men, one hose tender, four 
shovel men, two clean-up men and three pipe tenders, 13 in all. The average pour was 
200 to 250 cu yd per 8 hour day. 


gAn advantage was the absence of buggies, runways, and other congestion and the 
usual repairs to damages in the placement in the reinforcing steel. Some suggestions 
follow. Avoid sharp bends in the pipe and provide anchors to take up thrust at all bends. 
Provide at least 50 ft of straight line from the pump. The first batch should be mortar 
about 6-in. slump to lubricate the line and the second should be similar of intermediate 
aggregate size. One batch will lubricate 1,000 ft of 8 in. line. Avoid free water, angular 
aggregate particles, and porous aggregate. Clean the line pump, and remixer after each 
pour. A go-devil with rubber caps at each end driven by compressed air or water 
serves very well to clean the line. 
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Moments and shears in continuous concrete frames 
F. M. Hamitton and J. M. Couuicorr, Journal, Engineers Australia, V. 19, No. 3, 


March 1947, pp. 63-67 Reviewed by J. R. Suanx 

The authors take some exception to the statements concerning accuracy given in 
“Continuity in Concrete Building Frames” as published by the Portland Cement 
Association, citing errors as high as 25 percent. They then describe a method wherein 
the Hardy Cross short-cut system for maximum support moments is extended to cover 
the loading conditions necessary to produce maximum positive span moments, and also 
maximum shears, correct to two cycles of distribution. An illustrative problem is 
carried through in detail. 


Improvements in the method of manufacture of pre-cast pre-stressed concrete structures 
K. W. Mautner: British 571901, Building Science Abstracts, V. 19, No. 10, October 1946 
HigHway ReseArRcH ABSTRACTS 


A method of producing pre-stressed concrete elements by stretching high grade 
tensile wires in known manner and fixing them provisionally outside the element or 
elements to be produced, then concreting the element or elements, the stretched, bonded, 
but not specially anchored, wires being released gradually and intermittently in several 
stages during the hardening period with time intervals between, in such a manner that 
the wires are firmly bonded to the concrete at each stage of the releasing operation 
whereby during a considerable part of the hardening time before final release the con- 
crete is already under progressive compression. 


New method of prestressing concrete pipes 
Concrete and Consructional Engineering, V. 42, No. 7, July 1947, p. 216 
Reviewed by GLENN MurRpPHY 


, Design details are given for the proposed highway improvement at Boroughbridge. 
Construction has been completed on one of the bridges. Each bridge consists of two 
25-ft anchor spans from which 5-ft cantilevers project to form the support for the 21-ft 
central suspended span. The suspended span consists of a reinforced concrete slab 
supported on longitudinal steel beams placed on 8-ft centers. Slabs are 10 in. thick 
and are reinforced with 7%-in. diameter bars in the direction of the span and %4-in. 
diameter bars in the transverse direction. A special expansion and anchor bearing was 
designed to secure the slab to the cantilevers. 
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Protection of Electric Strain Gages in Concrete* 


By R. H. SHERLOCKt and ADIL BELGIN¢ 


Members American Concrete Institute 


SYNOPSIS 


Writers describe a plastic shield for protecting an SR-4 electric strain 
gage from moisture and pressure while attached to a reinforcing bar em- 
bedded in concrete. The procedure and precautions to be observed in 
installing the gage and shield are outlined. 


During the last several years, the SR-4 electric strain gage has be- 
come an important item in the instrumentation of structural research 
projects. The techniques involved in measuring deformations of steel 
or other metallic structural elements have been thoroughly developed. 
Also, there has been accumulated a considerable amount of experience 
in the use of the gages on the outside surfaces of concrete. However, 
attempts to use the gages on the reinforcing steel embedded in concrete 
have not been uniformly successful. 


It is believed that it would be useful to other investigators to report 
upon the techniques which are being successfully used in a program of 
reinforced concrete beam investigations at the University of Michigan. 
The beams are over-reinforced on the tension side and reinforced on the 
compression side with only a moderate percentage of steel. The tests 
involve measurements to determine the history of deformations in the 
concrete and steel over periods up to about 3 months, beginning with 
measurements on the steel before the concrete is poured. The readings 
on the steel were continued throughout the curing period, but those on 
the surface of the concrete were begun at the end of that time. After 
28 days, the beams were loaded to fairly high working stresses as com- 
puted by the usual straight-line formulas. 


*Received by the Institute August 21, 1947. 
+Professor of Civil Engineering, University of Michigan, Ann Arbor, Mich, 
tGraduate student, University of Michigan, Ann Arbor, Mic 
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Many pilot tests were made before the present techniques were adopted. 
Those in connection with measurements on the steel were much more 
difficult of development than those for the surface of the concrete. In 
starting the pilot tests, it was thought that it would be sufficient if the 
gages were protected against the infiltration of moisture. Accordingly, 
they were protected with several layers of electrician’s tape wrapped 
securely around the bar, covering the gage and the exposed ends of the 
electrical wires. This was found to be insufficient protection since the 
pressure of the shrinking concrete altered the indications of the gages. 
Accordingly, other devices were tried in order to find those which would 
not only protect the gages from moisture but also from pressure. 


Copper shields molded from thin sheets were tried, as well as aluminum 
tubing. It was found, however, that it was very difficult to make these 
devices water-tight, and erratic readings due to the presence of moisture 
were obtained in a large percentage of the trial readings. It was also 
difficult to prevent short circuits caused by bare wires touching the inside 
of the shields. 
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Fig. 2—Final design of plastic shield 


Shields molded from -in. sheets of plexiglass were tried. Fig. 1 
shows the longitudinal and transverse section of one of these shields. 
This particular device had the advantage of being easy to place on the 
bars, but it was difficult to render it water-tight, even by the use of 
cements and bituminous compounds. Also, the pressure of the setting 
concrete sometimes caused deformations of the shields sufficient to 
break the cemented surface of the flange. 


The shield which was finally adopted (Fig. 2) was made of plexiglass 
tubing, plugged at the ends with plexiglass stoppers machined to fit 
closely around the bars and into the end of the tubing. Fig. 3 is a photo- 
graph of a shield in place around the gage attached to a bar. 
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Fig. 3—Plastic shield attached to reinforcing bar with SR-4 gage in place 


The steps for applying the gages to the reinforcing steel are as follows: 

1. Clean the surface of the bar for a length of about 2 in. by using 
sandpaper or a steel brush. This cleaning operation should not cut 
deeply. The operation is facilitated if acetone is used on the surface 
during the rubbing. 

2. Apply a liberal amount of Duco cement to the surface to be occupied 
by the gage. Two gages will ordinarily be used, one on each side of the 
bar, to correct for bending effects. 

3. Immediately embed the gages in the surface of the Duco cement 
and apply pressure with the fingers so as to force the gage to follow 
the shape of the bar. The adhesion of the soft cement will hold the 
gages in shape until a rubber band or a string can be wrapped around 
them. This wrapping process must be carefully done so that the gages 
are not twisted out of a position parallel to the axis of the bar or out of a 
diametrically opposite position. The band or string should be closely 
wound extending the full length of the gage to hold it securely in position. 

4. Allow the cement to set for at least 24 hours before removing 
the strings and attaching the electric lead wires. All the usual pre- 
cautions should be observed to obtain reliable electrical contacts and 
to prevent grounding or short circuits. Place electrician’s tape under the 
wires where they emerge from the gage. There should be no space be- 
tween the insulating paper and the tape. In fact, it is preferable to 
have the tape overlap the paper. It is also especially important to bend 
the gage wires into a loop so that any pull on the electric leads will not be 
transmitted to the gage and so that any movement of the gage with the 
elongation of the steel will not be restrained by its attachment to the lead 
wires which will be embedded in the concrete. This is shown in Fig. 2. 


5. The shields may now be put in place. This is best done by first 
inserting the stopper in that end of the shield opposite to the lead wires, 
using “‘quick-set’”’ cement on all contact surfaces between the stopper 
and the tube. After a few minutes the tube, with the attached stopper, 
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should be slipped over the end of the bar and moved to its proper posi- 
tion over the gage. The stopper for the other end can then be brought 
over the end of the bar and moved to its position in the end of the tube, 
first drawing the lead wire through the opening provided for it in the 
stopper. Place ‘“‘quick-set’’ cement on the contact surfaces and close 
the shield in the position to be finally occupied over the gage. 


6. Apply asphaltic roof-cement or soft asphalt at the ends of the 
shield where it is in contact with the bar and also for % in. around the 
lead wires. It is advisable to put the asphalt under the lead wires at 
this point even though the wires are insulated. 


7. Before pouring the concrete, it is advisable to apply form oil to the 
surface of the shield so as to prevent bond which might damage it. 


8. It is essential to use wires which are enclosed in high-grade rubber 
insulation. Braided insulation covered with lacquer is certain to become 
saturated and to give erratic readings due to short circuits. Tests 
made in the electrical engineering laboratory showed that wires having 
braided insulation covered with lacquer developed electrical leakage in 
a few minutes under low voltage, whereas the rubber insulation carried 
much higher voltage without leakage. In both cases the wires were 
immersed in water into which portland cement was stirred and allowed 
to settle. 


9. Where it is impracticable to slip the stoppers over the ends of the 
bars, as where hooks and bends are used, it might be satisfactory to 
cut the stoppers lengthwise and cement them together again. 
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REPORT OF THE 1947 NOMINATING COMMITTEE 


The following nominations have been reported by the 1947 Nominating 
Committee which includes Chairman Myron A. Swayze, Harmer EB. 
Davis, Henry L. Kennedy, Harmon 8. Meissner, Charles H. Scholer, 
Roy W. Crum, H. F. Gonnerman and Douglas E. Parsons. It will be 
noted that the nominations are in accordance with changes in the By- 
Laws of the Institute effective July 1, 1947, and published in the Septem- 
ber News Letter. The nominees are as follows: 


President 


Rosert F. Buanks, Chief, Engineering and Geological Control and Re- 
search, U. 8. Bureau of Reclamation, Denver, Colorado. He has written 
and participated in the writing of many technical contributions to ACI 
work, has been a member of the Institute since 1932; member Publica- 
tions Committee 1941-1944, chairman 1945; member of Board of Direc- 
tion as Director, Sixth District 1941-42; appointed by the board March 
1944 to fill a vacancy as Director-at-Large, and reelected to this post in 
1945; elected Vice President 1946, and reelected for 1947; chairman of 
Committee 613, which reported ‘“Recommended Practice for the Design 
of Concrete Mixes,” now a standard of the Institute; chairman of the 
Technical Activities Committee 1947. 


Vice-President—One Year Term (to succeed himself) 

HerBert J. Gitkey, Head, Department of Theoretical and Applied 
Mechanics, Iowa State College, Ames, Iowa. Professor Gilkey has been 
a member of the Institute since 1924; Wason Medalist for the most meri- 
torious paper, 1939; member of the Standards Committee since 1942 and 
chairman since 1944; member Publications Commitee 1939-1946; mem- 
ber of the Board of Direction as Director, Sixth District 1937-38 and 
elected to the same position 1945-46; elected Vice President for 1947. 


Vice-President—Two Year Term 

FrANK H. Jackson, Senior Engineer of Tests, Public Roads Admin- 
istration, Washington, D. C. He has been an ACI Member since 1924; 
a member of the Advisory Committee as chairman of Department 900, 
Joint Efforts, 1929-1946; member of Program Committee 1938-1940; 
Publications Committee member 1941-1946; member of Board of 
Direction as Fourth District Director 1937-38 and 1945-46; Director- 
at-Large 1946—; member Technical Activities Committee 1947. 


Director—One Year Term 


R. E. Core.anp, Director of Engineering, National Concrete Masonry 
Association, Chicago, Ill. Mr. Copeland has been a member of the 
Institute since 1939; Wason Medalist for most meritorious paper 1940; 
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he was appointed to Technical Activities Committee in February, 1947; 
he has been author or co-author of nine JouRNAL papers. 


Director—One Year Term (to succeed himself) 

Paut W. Norron, consulting engineer, Boston, Mass., has been a 
member of the Institute since 1931; appointed Director, first District to 
fill a vacancy in 1945; elected Director of First District 1946-47; member 
of the Advisory Committee 1940-1944. 


Director—One Year Term (to succeed himself) 

Wixi1aM H. Kuern has been a member of the Institute since 1924; a 
member of the Publications Committee 1943-1946; member of the Board 
of Direction as Director, Third District 1947. He is a member of the 
American Society for Testing Materials and has served on its Committee 
C-1 on Cement since 1918. Mr. Klein has been in cement manufacture 
since 1906, first with the Kansas Portland Cement Co., then with the 
Dixie Portland Cement Co. and later Pennsylvania-Dixie. From 1936 to 
July 1946 he was president and general operating manager of the Pennsyl- 
rania-Dixie Cement Corp. He recently resigned to enter private con- 
sulting practice and is now a member of the staff of Gilbert Associates, 
Inc., New York. From 1915 to 1946 he also directed the operations of 
the Dixie Sand and Gravel Corp. 


Director—Two Year Term (to succeed himself) 

A. J. Boasr, Manager, Structural Bureau of the Portland Cement 
Association, Chicago, Il. Mr. Boase has been an ACI Member since 
1933; author of many papers and reports; chairman of Committee 317 
which prepared the ‘Reinforced Concrete Design Handbook’’; chairman 
of Committee 315 which prepared the ‘‘Proposed Manual for Detailing 
Reinforced Concrete Structures”; chairman of Committee 318 which last 
month published its “Building Code Requirements for Reinforced Con- 
crete’; member Advisory Committee 1935-1941; member Program 
Committee 1940; member Publications Committee 1941-44; member 
Technical Activities Committee 1947; member of Board of Direction as 
Director, Fifth District 1947. 


Director—Two Year Term 

Grorce W. Wasua, Associate Professor of Mechanics, College of Engi- 
neering, University of Wisconsin, Madison. Professor Washa has been 
an ACI Member since 1940 and was recipient of the Wason Medal for 
noteworthy research in that year. Last February he was appointed sec- 
retary of Committee 115—Research, succeeding 8S. J. Chamberlin who 
had held the position for many years. He is also chairman of newly 
organized Committee 213, Properties of Light Weight Aggregate Con- 
cretes. 
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Director—Two Year Term 


A. T. Gotpseck, Engineering Director of the National Crushed Stone 
Association, Washington, D.C. Mr. Goldbeck whose affiliation with the 
Institute dates from the second decade of this century has made several 
technical contributions to the Journat. He was member of the Advi- 
sory Committee 1922-23; member Publications Committee 1944-1946; 
and is now a member of Committee 115—Research, Committee 617 
and Committee 621. 


Director—Three Year Term (to succeed himself) 


CuHarLes H. Scuouer, is Head, Department of Applied Mechanics, 
Kansas State College, Manhattan; has been an ACI Member since 
1924; and Director, Sixth District on two occasions, 1934-35 and 1947. 
A brief account of his professional record appeared in the October 1946 
News Letter. 


Director—Three Year Term 


Myron A. Swayze, Director of Research, Lone Star Cement Corp., 
New York, N. Y., has been a member of the Institute since 1923. In 
1942 he won the Wason Medal for noteworthy research. He has pre- 
viously been a member of the Board of Direction in 1944-45 and 
member of Committee 115—Research. Mr. Swayze has done work on 
cement plant chemical control, and has made contributions to the de- 
velopment of Incor, high early strength cement and special products 
such as oil well cement. 


Director—Three Year Term (to succeed himself) 

Huan P. Bieter, is Executive Vice President, Connors Steel Co., 
Birmingham, Alabama. He has been a member of the Institute since 
1943; appointed Director, Fourth District in 1946 to fill a vacancy; re- 
elected Director for 1947-48. He is now a member of Committee 208 
and Committee 318. Mr. Bigler was chairman of the committee on ar- 
rangements for the regional meeting held October 6 and 7 in Birmingham. 


Director—Three Year Term 

Roperick B. Youna, Assistant Director of Research, Hydro-Electric 
Power Commission of Ontario, Toronto. A member of the Institute 
since 1917, he was a member of the Board of Direction for 16 years as 
Director, Vice President, Preside nt and Past-President from 1930 to 
1946. Mr. Young has had more than a dozen technical papers published 
in the JourNAL and was Wason Medalist for most meritorious paper it 
1937. He served on the Publications Committee from 1933 to 1946 and 
is now a member of the Technical Activities Committee. 
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Nominating Committee 

The following 20 members are candidates for the 1948 Nominating 
Committee. Five are to be chosen to serve with the three latest past- 
presidents, the candidate receiving the most votes in the letter ballot to 
be committee chairman. 


Roy W. CarLson Guy H. Larson 

S. J. CHAMBERLIN GeorGcE L, LInpsAy 
MILEs N. CLAIR Cari A. MENZEL 
Raymonp E. Davis Joun R, NicHois 
JoserH D1Srasio WaL.TerR H. Price 
Joun R. Dwyer F. V. REAGEL 
ALEXANDER Foster, Jr. FraAnK E, RicHart 
W. C. Hanna T. E. Stanton 

Frep HuBBARD BAILEY TREMPER 

J. W. KELLY CHARLES 8S. WHITNEY 


‘The Biggest and Best—'48 in the West” 
Denver Committee Reports 


From E. W. Thorson and the Denver convention committee comes a 
report of proposed activities for the 1948 ACI CONVENTION to be 
held at the Shirley-Savoy Hotel in Denver, February 23 to 26. High- 
lights of the less technical phases of the meeting are a buffalo barbecue 
at the Denver Federal Center and an inspection tour of the Bureau 
of Reclamation laboratories. The tentative time schedule is as follows: 


Sunday February 22—Board Meeting 
Monday— February 23—Registration 

Committee Meetings 

Evening— Technical Session 
Tuesday— February 24—Morning —Technical Session 

Noon —Buffalo Barbecue Lunch 


Afternoon—Inspection, Bureau of Re- 
clamation Laboratories 
Evening Banquet 
Wednesday—February 25—Morning —Technical Session 


‘ 


Afternoon—Technical Session t 
Evening —Technical Session ’ 

Thursday —February 26—Morning —Inspection trip . 
Noon —Group luncheon at Boulder, 


Colorado 


Members who find it necessary to return to their homes at the earliest 
possible opportunity may leave on late afternoon trains Wednesday, the 
25th, missing only one technical session. For Thursday it is planned to | 
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provide a choice of inspection trips to several construction jobs on the 
Colorado-Big Thompson project in the vicinity of Estes Park and Grand 
Lake, to the Army Engineers’ Cherry Creek Dam project near Denver, 
and possibly several highway projects in the vicinity. 


Members of the Denver local committee are: 


General Chairman: 


E. W. Thorson 
Portland Cement, Association 


Reservations and Printing: 


P. J. Allen 
City Building Inspector 


Program: 
H. 8S. Meissner 
Bureau of Reclamation 


Exhibits: 
O. O. Phillips 
R. J. Tipton and Associates 


Inspection Trips: 
A. J. Ryan 
Crocker and Ryan 


Vice Chairman: 
R. F. Blanks 


Bureau of Reclamation 


Transportation: 


D. S. MeMillen 
Bureau of Reclamation 


Banquet: 


R. W. Morris 
Colorado Pre-Mix Concrete Co. 


Publicity: 
S. H. Poe 
Bureau of Reclamation 


Special Luncheons: 
J. C. Flaherty 
City Building Inspector's Office 





WHO'S WHO in this JOURNAL 





Duncan McConnell, Richard C. 
Mielenz, William Y. Holland 
and Kenneth T. Greene 


are co-authors of “Cement-Aggregate Re- 
action in Concrete’ which appears on 
page 93 of this issue. 

Duncan McConnell has been specializ- 
ing for several years in the industrial and 
engineering applications of petrography, 
geochemistry, and mineralogy, which ac- 
counts for his part in the concrete research 
program of the U. 8. Bureau of Reclama- 
tion. 

He obtained his doctor’s degree in 1937 
from the University of Minnesota and his 
B.8. in chemistry from Washington and 
Lee University in 1931. He also received 
graduate instruction at Cornell, Stanford 
and the University of Chicago. Prior 
to his position with the Bureau of Recla- 
mation he taught at the University of 
Texas and served with the U.S. Bureau of 
Mines. 

A comparatively new ACI Member 
(1946), this is Doctor McConnell’s first 


appearance as a JoURNAL author, although 
he has written numerous articles on 
mineralogy and related subjects published 
in this country and abroad. He holds 
memberships in the Mineralogical Society 
of America, Geological Society of America, 
American Chemical Society, American 
Society for X-Ray and Electron Diffrac- 
tion and the Mineralogical Society of 
Great Britain and Ireland. 

Richard C, Mielenz has been an ACI 
Member since 1945 and this is his second 
appearance as a JOURNAL author, the 
previous occasion being when he collab- 
orated with Roger Rhoades on “Petro- 
graphy of Concrete Aggregate,” 
1946 Journan. Since receiving his Ph.D. 
from University of California (Berkeley) 
in 1940 Doctor Miclenz has worked as a 
geologist for the Standard Oil Co. of 
California and for the U. 8. Bureau of 
Reclamation. 

William Y. Holland, another new ACI 
Member, attended the University of 


June 


Colorado and was graduated in 1930 with 
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a degree in geology. In 1933 he joined 
the laboratory staff of the Bureau of Re- 
clamation and since that time has worked 
with many phases of materials testing 
and control. In 1935 Mr. Holland ini- 
tiated the petrographic analysis of con- 
crete aggregate and at present is con- 
cerned primarily with the analytical 
microscopy and development of tests of 
building materials, particularly concrete 
and metals. 

Kenneth T. Greene attended the New 
York State College of Ceramics, Alfred, 
New York, receiving the B.S. degree in 
glass technology and engineering in 1935, 
Upon completion of graduate work in 
New 
Brunswick, New Jersey, he received the 
Ph.D. degree in 1940. 
Portland 
Fellowship at the 


ceramics at Rutgers University, 
Ile was associated 
Cement Association 


National 


research 


with the 
Bureau of 
Standards as chemist’ from 
1940 to 1945. Dr. Greene joined the staff 
of the Petrographic Laboratory of the 
1945; and is 


engaged in the application of chemical and 


Bureau of Reelamation in 


petrographic methods to problems in- 
volving cement, concrete, and other en- 
gineering materials. He became a member 


of the ACI this year. 


Bert A. Hall 

whose first contribution to ACT literature, 
“Crack Portland 
Plaster Panels,” appears on page 
is an Associate Member, A.S.C.E. 
a long record of service with the U. 3. 
attended 
Valparaiso, In- 


Control in Cement 
129 
and has 
Bureau of Reclamation. He 
Valparaiso University, 
diana and began work for the bureau in 
1911 as a surveyor and hydrographer. 
During World War I, Mr. Hall served 
in the United States Army with the rank 
of Master Engineer, Senior Grade. 
During the twenties, he was in charge of 
field and 
ciated work at American Falls Dam, Idaho 


engineering, inspection ASSO- 


and Owyhee Dam, Nyssa, Oregon, From 
1932 to 1934 he continued inspection work 
for the Bureau of Reclamation at Boulder 


Dam, and in 1935 went to Grand Coulee 


Mr. Hall has 


since served there as field engineer and 


Dam as chief inspector. 


construction engineer, and is now assistant 
supervising engineer. 


Inge Lyse 


active member of the Institute since 1926, 
and long familiar to ACI JourRNAL readers 
has contributed “Deterioration of Con- 
crete in Brine Storage Tanks,’”’ which ap- 
pears on page 141 of this issue. Following 
his graduation from Norway’s Institute of 
Technology, Professor Lyse came to the 
United States in 1923, and from 1931 to 
1938 was in charge of the Fritz Engineer- 
ing Laboratory at Lehigh University. 
Author of a 
articles, he was active in Institute com- 


dozen or more JOURNAL 
mittee work during his stay in America. 
He served as Director of the Third Dis- 
trict, and was awarded the J. James R. 
Croes medal of the American Society of 
Civil Engineers and the Levy Gold Medal 
of the Franklin Institute. 

After return to Norway in 1938, escape 
into Sweden out of the Nazi path during 
the war, Professor Lyse is again teaching 
courses in reinforced concrete at his alma 
mater. “Deterioration of Concrete in 
Brine Storage Tanks’”’ is a brief account of 
extensive have received 


studies which 


more complete publication in Europe. 


Gerald Pickett 


Wason Medalist, electrical engineering 
graduate of Oklahoma A. and M, College 
in 1927, Ph. D. from the University of 
Michigan in 1938, 
with the Portland Cement 


formerly associated 
Association's 
research division, is professor of applied 
mechanics at Kansas State College, Man 
Pickett 


Wason award for his paper “Shrinkage 


hattan. Professor received the 
Stresses in Concrete” which appeared in 
ACI 


January and February 1046, 


two installments in the JOURNAL, 


“Effect of Gypsum Content and Other 
Factors on Shrinkage of Conerete Prisms” 


149 of this 
JOURNAL contribution. 


on page issue is his fourth 








i" New Members 





i The Board of Direction approved 27 
aA applications (22 Individual, 1 Corporation, 
hy 3 Junior, 1 Student) received in August. 

f : The Membership total on September 1, 
: 1947, after adjustment for a few losses by 
death, resignation and for non-payment 


of dues, is 3523. 

ih Individual 

; Arthur, Lynn J., 1101 High Ave., Brem- 
erton, Wash. 

Bleistein, Charles H., 1221 R. A. Long 
Bldg., Kansas City, Mo. 

Casagrande, Arthur, Graduate School of 
Engineering, Harvard University, Cam- 
bridge 38, Mass. 

Cnops, J. L., Belgian American Education 
Foundation, 2325 Graybar Bldg., 420 

Lexington Ave., New York, N. Y. 

Fisher, John McNeal, “Fernilee’, Fourth 
Avenue, Watford, Herts, England 

Ford, James Lee, 500 Hazel St., Newport, 
Ark. 

Keelen, C. A., 3260 Orleans St., Pittsburgh 
14, Pa. 

Kettenring, F. M., 134 Nickerson St., 
Seattle 9, Wash. 

Landon, Ransom D., Akron University, 
Bierce Library, Akron 4, Ohio 

Macazaga, Jose, Alameda Urquijo 24, 
Bilbao, Spain 

Mayer, Alfred, P. O. Box 62, Hagerman, 
Idaho 

Mickelson, Andrew J., c/o McIntosh, 
Mickelson & Associates, Fort William, 
Ont., Canada 

Mitten, R. F., The Yoder Co., 5500 
Walworth Ave., Cleveland 2, Ohio 

Morales, Francisco J., Jr., P. O. Box 1293, 
Panama, R. de Panama 

Pauliu, Manuel, Saltillo No. 5, Mexico 
City, Mexico 

Procktor, W. H., 40, College Ride, Cam- 
berley, Surrey, England 

Samad, M. A., c/o M. Abdus Salaam 
Sahib, Gandhi Nagar, Cocanada P. O., 
South India, India 
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Schunck, Willard L., 344 E. Stewart St., 
Milwaukee 7, Wis. 

Shannon, John B., 11313 Kensington Rd., 
Cleveland 11, Ohio 

Tobin, Robert E., Portland Cement As- 
sociation, 1005 Old National Bank 
Bldg., Spokane 8, Wash. 

Torres H., Marco Aurelio, Paseo de la 
Reforma 30, Mexico D. F., Mexico 

White, George R., Chief Structural Engr. 
Bldgs., City Hall, Buffalo, N. Y. 

Corporation 

Librarian, Engineering Departmental Li- 
brary, Canterbury University College, 
Christchurch, New Zealand (C. W. 
Collins) 

Junior 

Baker, Clifton E., 
Cleveland, Ohio 

Kohn, Stanley Joseph, 2875 Mayfield Rd., 
Cleveland Hts., Ohio 


7719 Force Ave 


Qureshy, Asrar Ahmad, 307 Y.M.C.A., 
Vicksburg, Miss. . 

Student 

Kelly, Edward H., Jr., 28 The Fenway, 
Boston, Mass. 





Honor Roll 


February 1, 1947 to September 1, 1947 





Newlin D. Morgan leads the Honor 
Roll September 1, with credit for 13 new 
members. Robert F. Blanks is 
with 101% credits. 


second 


Newlin D. Morgan............... 13 
Pee I, SEO. ee eo 101% 
Alberto Dovali Jaime............ 10 
ee es IS 5 onc bS ics ee das vases 8 
NE UII. ci... vce 0 o4d 0s o> one 
ee are 7 
ee ee 7 
ee 7 
a a 7 
OT 7 
Eimo C. Higgineon............... 6 
IR i bic-b ase ews seen rses 6 
I Ss esas cedewn 6 
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SEE, SEOUROUE. .6 oc asce sc ceveecios 5 Ws Re Rs oi a ein ces 1 
UE ee eee ae 5 DF CO ess «06 beseewae tee 1 
Warren Raeder................... 5 ey SR song cunhods ose becnks l 
SD | 414 Aloysius E. Cooke.................. 1 
Robert L. Mauchel............... ae ee ee eee l 
SS i | 4% William A. Cordon................. 1 
Dean Peabody Jr.................. 4 Cian 2, ORG ons ic sdene ceded 
Se, MIE 6 sn ote sccecaperenes 4 SONA, Ce nen 0s eects gun 1 
John G. Dempsey................3% Harmer E. Davis................... 1 
R. W. Morris.....................34% Edward E. Evans.................. 1 
A. Amirikian............0.....2--8 WU MNE Bis Osos oon cda sed Sede 1 
Ray C. Giddings............ sensed EL, E. PeOGORNOIOL. 20. 26 sks scecec css 1 
E. Gonzales-Rubio................3 Robert W. Freeman................ 1 
M. J. Hawkins... pe havediespees 3 pi eae) a are er 1 
John J. Mullen............. ....3 et ee 5S dikscte wwe eaten 1 
I. S. Rasmusson..................3 Emil A. Gramstorff................. 1 
Ray A. Young.. peceeu sees aa ci L. E. Gregg... ee 
Jerome M. Raphael. be bse hia aed 2% Ernst Gruenwald................... 1 
M.A. Arnold.....................2 is iis, MEL 3 ete acne sl eee meeeme 1 
Carlos D. Bullock................. 2 Alton 8S. Heyser......... - sel 
a re ey Lawrence R. Hjorth...... ant Son 
T. C. Kavanagh................. 2 Edward L. Howard................. l 
Ben. J. Many..................... 2 Fred Hubbard........ Tees: l 
James A. McC ‘arthy. Ni pee wale co alee 2 Carll W. Hunt...... Pa ae 
Harmon S. Meissner....... teveead James H. Jacobson................. 1 
Richard C. Mielenz...............2 RE SN disso 0 00 Vane eeu ee 1 
“weiter Ei. Price..............008% 2 CO a bisa oe cto 2% de l 
ee We OS occ cc cece cet eness 2 Thomas B. Kennedy 1 
H. D. Sullivan (akaeeackwhaea 2 George J. Kerekes Lk ieee 
Wm. H. Thoman................. 2 Lane Knight........... ai a ike ae 
H. F. Thomson................... 2 Douglas 8. Laidlaw.......... 1 
ee Ee 2 Luis A. Pietri Lavie............ — 
Lloyd R. Bowman................ ee Ce eer re ar 1 
Be es OE ok oiiic cc cccsassoecias O56. ‘Weller LIOR eo oaikics vance wcsannses 1 
Wilbur H. Chamberlain........... 114 _ ‘Frederic Theodore Mavis............1 
Joseph Coel...............0.000:- 1% Thomas J. McClellan............... 1 
Hardy Cross................0008- 144 James E. McClelland............... 1 
SS se rr 1% Sam McCluer.. sigs a 
H. F. Gonnerman................ 14% Duncan McConnell................. 1 
Harry D. Jumper..... Teer yee ae ere ee 1 
Donald G. Kretsinger............. 1% rig ge "oe sist ed nek ee 1 
Oliver H. Millikan................ 1% F, Wes MNS 562s Ske Seabee ae 7 
Clarence Rawhouser...... sews se se he Mendez Solids Sia eee 1 ' 
John C. Sprague........ .eeeeeeeeL% ~~ Leonard J. Mite ne il. chica esl 1 : 
Be Os CMM iis cc cece enes screens 56 | UO BE ova eee wands etek 1 
Paul W. Abeles........... l SUNN  c.cch. nas cuxthoue eee ae 
Peter J. Allen............... 1 ONE Oe SON bos s6 os ds oe beeen l 
Jacob S. Aronow. - ss niall Dousias 1. PAMGOMS... 26.6 cc ccc nseed 
Hugh Barnes. . 1 EF A iis 6 503 0 es sa wees | 
H. L. Bowman....... 1 A Me PEI ca xhw a kadece nceebmens 1 
Ernest W. Burke. 1 pa , S  as s 8 oa eh he ee eeeen 1 
Julian B. Carson. l i. ee bl esha ae 








10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Theodore O. Reyhner............... 1 
Te eee 1 
Alexander P. Rodionov............. 1 
ae db 6 onde ca eins a 00 oes 1 
ERE ar 1 
pe”, 1 
CS er err eee 1 
SS a a 1 
PIN Ss oo 5o so ccs kts vsesedcie 1 
i ain oe xs ove hk on ose’ 1 
John H. Swerdfeger................. 1 
ee ee 1 
ee ee 1 
Frederick N. Weaver............... 1 
os bad vie cies sca ctteas 1 
hk i aes densa 1 
Alexander H. Yeates..-.............. 1 


The following credits are in each in- 
stance, “50-50” with another Member. 


Fred G. Allison 
Edwin C. Anderson 
C. V. Antenbring 
Eduardo A. Arnal 
Joseph Avant 

8. B. Barnes 
Emanuel Ben-zvi 


George C. Britton 
. P. Brzozowicz 
R. A. Burmeister 
Jose Luis Capacete 
John H. Cassidy 
A. D. Ciresi 
. R. Collins 
Herbert K. Cook 
John W. Cook 
Rolland Cravens 
Edgar A. Cross 
E. H. Darling 
E. Davis 
G. E. Davis 
a gee Di Stasio 
Doidge 
Atahualpa Dominguez 
C. Martin Duke 
Clarence W. Dunham 
John R. Dwyer 
Harry Englander 
A. V. Farley 
Rudolf Fischl 
P. J. Freeman 
Frank M. Fucik 
Toliff R. Hance 
A. W. Hicks 
Leonard C. Hollister 
C. M. Howard 
Robert B. Hyslop 
Frank H. Jackson 
M. E. James 
Paul A. Jones 
William R. Kahl 
. R. Kaufman 
Wm. J. Krefeld 
Arthur Krueger 
T. R. S. Kynnersley 
Clarence L. Laude 


Raul Lucchetti 

H. St. J. R. de Lys- 
Gregson 

M. F. Macnaughton. 


George A. Mansfield 
Bryant Mather 

D. W. McLachlan 
H. H. McLean 
Ernest W. McMullen 
R. E. Mills 

R. M. Moorhead 

E. E. Morgan 

John R. Morris 

Wm. D. Nowlin 

Ben E. Nutter 
Calvin C. Oleson 

F. W. Panhorst 
Henry A. Pfisterer 
Ernest Pichel 

James A. Polychrone 
Herman G. Protze 
Walter F. Rasp 

Carl F. Renz 

Ross M. Riegel 
Manuel Ray Rivero 
Henry R. Schaefer 
Herman Schorer 

H. H. Scofield 

E. W. Scripture Jr. 
Ralph L. Shelton 

C. Clayton Singleton 
Arthur P. Skaer 
Aubrey B. ‘Sleath 

E. Copeland Snelgrove 
M. A. Swayze 
Warren H. Thompson 
T. Thorvaldson 

A. G. Timms 

a ole aw Tuck 
Minden ?. Van Buren 
Jose Antonio Vila 
Charles A. Vollick 
James D. Wall 
Donald R. Warren 
Stewart F. Weikel 
Alexander Weinbaum 
E. C. Wenger 
Arthur J. Widmer 
G. M. Williams 
Walter I. Winner 
George Winter 
Leslie P. Witte 
Harry C. Witter 
Silas H. Woodard 
Kenneth B. Woods 
Roy R. Zipprodt 


October 1947 


me E. Parsons heads new Build- 


ing Technology Division at National 


Bureau of Standards 

ACI Past-President Parsons has been 
made chief of a new division, Building 
Technology, recently established at the 
National Bureau of Standards, Washing- 
ton. Assistant chief of the division, and 
Chief of the Codes and Specifications Sec- 
tion is George V. Thompson. 

The new division comprises a number of 
sections and parts of sections which have 
come to be exclusively concerned with 
various phases of building technology. 
It is felt that a unified attack on building 
problems can be more effectively achieved 
by concentrating these sections in a single 
division, though they cut across the 
classical lines of physics, chemistry and 
engineering. 

The nucleus of the new division consists 
of five sections: structural engineering; fire 


protection; heating, ventilating and air 


conditioning; exterior and interior cover- 
ings; and codes and specifications. The 
structural engineering section will deal 
with the strength, stability and stiffness 
of buildings and the structural elements of 
buildings. The fire protection section 
will continue its work on fire resistance of 
building construction, the fire hazard of 
building contents and fire detecting and 
extinguishing equipment. Heating, ven- 
tilating and air conditioning systems and 
heat transfer through materials and con- 
structions will be the responsibility of the 
heating and air conditioning section. The 
exterior and interior coverings section will 
handle roofing and waterproofing; floor, 
wall and ceiling finishes for buildings; and 
in general the chemical] and physical prop- 
erties of bitumens. The codes and speci- 
fications section will carry on work for- 
merly performed in another division on 
building, plumbing and safety codes and 
standards, building fixtures and service 
equipment, and construction and main- 
tenance practices. 


As research techniques crystallize, work 
which is continuing elsewhere in the 
bureau, such as acoustics for example, 
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may be transferred to the Building Tech- 
nology Division. Fundamental research 
on physical properties and constants will 
be conducted by the appropriate Bureau 
units at the request of the new division. 


Research will be limited to the three 
fields of physics, chemistry and engineer- 
ing. Broader subjects, such as planning 
for housing developments, choice of sites, 
or aesthetic matters, do not fall within the 
scope of the bureau’s activities. 


While much of the work to be carried on 
will be primarily for the benefit of other 
governmental agencies, the results should 
be useful to the entire construction indus- 
try, and it is intended that they shall be 
made available for that purpose. 


William H. Klein 


ACI Director, Third District, formerly 
vice president and general operating man- 
ager of the Pennsylvania-Dixie Cement 
Corp., New York, N. Y. has joined the 
staff of Gilbert Inc., New 
York engineers and consultants, as chief 
consultant on engineering and operating 
problems pertaining to the cement and 
rock products industries. He will make 
his headquarters in Reading, Penn. In 
1946 Mr. Klein resigned as vice president 
of the cement corporation to enter private 
consulting practice. He is a graduate of 
the University of Michigan with a degree 
in chemical engineering and has been an 
ACI Member since 1924. 


Associates, 


Nathan C. Rockwood 


editorial consultant and for more than 26 
years editor of Rock Products was elected 
the first honorary member of the Board 
of Directors of the National Sand & 
Gravel Association at its recent meeting at 
French Lick, Ind. President Coolidge of 
the association made the announcement 
of the proposed action and introduced 
Robert Mitchell, past-president, who 
acknowledged Mr. Rockwood’s long and 
conscientious services to the industry. 
Mr. Mitchell then moved to elect him to 
honorary membership on the board of 


directors, first such action in the associa- 
tion’s history. The motion was carried 
Mr. Rockwood responded 


that what he had done was only in the line 


unanimously. 


of duty, and expressed his great apprecia- 
tion of the honor bestowed on him. 


ACI President 


Stanton Walker, director of engineering 
and research, National Sand & Gravel 
Association and National Ready-Mixed 
Concrete Association, has been appointed 
a member of the faculty of Harvard Uni- 
versity’s graduate school of engineering. 
Mr. Walker was selected a year ago as a 
visiting lecturer for a course at Harvard 
on the design of concrete. He is now one 
of only a few such lecturers who have been 
made a regular member of the faculty. 
It is said that his lecture course last year 
was voted by students the most popular 
of its series. This does not mean any 
change in Mr. Walker’s other duties, as 
the course requires only about a week of 
his time, but it affords recognition for his 
many contributions to the advance on 
concrete technology. 


‘RA RR ee 
Edward Godfrey 


ACI Member from 1915 to 1930, Ed- 
ward Godfrey, structural engineer for the 
Robert W. Hunt Co., Pittsburgh, Pa., 
died there recently as the result of an 
Mr. 


was 76, will be remembered by many In- 


automobile accident. x0dfrey, who 
stitute members for his lively contribu- 
tions to discussion at convention sessions 
A member of the 
A.S.C.E., he had been affiliated with the 


Hunt Company nearly 50 years. Mr. 


during the twenties. 


Godfrey was a graduate of the Western 
University of Pennsylvania and taught 


there before assuming his later duties. 
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W. C. Huntington 


head of the civil engineering department, 
University of Illinois, has been awarded 
an honorary doctor of science degree by 
his alma mater. Professor Huntington 
graduated from the University of Colorado 
in 1910, later received master of science 
and civil engineer degrees, and became 
head of the civil engineering department 
there in 1919. He accepted his present 
position in 1926 and became a Member of 
the American Concrete Institute in 1928. 


Roy W. Crum honored 


Well known to Institute members, past- 
president Roy W. Crum, director of the 
Highway Research Board of the National 
Research Council, was honored at recent 
Iowa State College Alumni Day cere- 
monies. The Alumni Club of Chicago 
presented him with an Alumni Merit 
Award bestowed upon graduates out- 
standing for meritorious service in their 
fields. Mr. Crum who graduated in 1907 
served on the Iowa State engineering staff 
until 1928. 


Rensselaer head resigns 

Emil H. Praeger, Institute member for 
20 years, has resigned his position as 
head of the department of civil engineer- 
ing at RenssaJaer Polytechnic Institute to 
become a partner in the New York con- 
sulting firm of Madigan-Hyland. Mr. 
Praeger’s most recent contribution to ACI 
literature was “Behavior of Concrete 
Structures under Atomic Bombing” (June 
1946 JouRNAL). 

Effective January 1, 1948, Rear Ad- 
mira] Lewis B. Combs will fill the position 
vacated by Mr. Praeger. Admiral Combs 
graduated from Rensselaer in 1916 and 
has served in the navy since shortly after 
his graduation. 


Highway Research Board meeting 
The 27th annual meeting of the High- 
way Research Board will be held this 
year from December 2 through December 
5 at the building of the National Academy 
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of Sciences and National Research Coun- 
cil, 2101 Constitution Ave., Washington, 
D. .C. 

During the week of the annual meeting 
the six departments of the Board—Eco- 
nomics, Finance and Administration; De- 
sign; Materials and Construction; Main- 
tenance; Traffic and Operations; and 
Soils—will present and discuss important 
phases of highway technical develop- 
ment. Many of their 65 project com- 
mittees also will meet. 


It is expected that attendance at this 
meeting will exceed last year’s when 700 
persons registered, and 71 topics were pre- 
sented and discussed in 18 separate public 
sessions. Thirty-nine state highway de- 
partments, 28 colleges, 3 Canadian prov- 
inces, and 13 foreign nations were repre- 
sented. 


New slurry pump 

Pettibone Mulliken Corporation of 
Chicago has just published a 16-page 
bulletin on a new slurry pump whose wear 
parts are centrifugally cast of abrasion 
resistant diamond alloy. Complete de- 
tailed description, engineering and pump- 
ing data, selection chart, dimensions, 
assembly drawings and parts list are in- 
cluded. The bulletin demonstrates in 
general the outstanding mechanical fea- 
tures of the pump, including the character- 
istics of Diamond alloy. 


Portable batching plants 

Blaw-Knox Company has prepared a 
new catalogue (Bulletin No. 2212) describ- 
ing its line of portable batching plants 
and equipment for aggregates and cement. 
Also explained and illustrated are the new 
twin weighing batchers for one-stop batch- 
ing of aggregates and cement into two- 
batch trucks and a new portable bulk ce- 
ment plant with combination arrange- 
ments of bins, permitting easy expansion 
of capacity where needed. The bulletin 
has references to storage, handling and 
weighing of the materials and a listing of 
available sizes and models. 
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SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Vol. 19 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 35 cents each. 
Starred y%& items are 50 cents, or more 
as indicated. Please order by title 
and title number. 


*BUILDING CODE REQUIREMENTS 
—_ CONCRETE (ACI 


REPORTED BY ACI COMMITTEE 318 
64 (V. 44) in special covers 


Supersedes 43-15 


This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used in this manner. 

Among the subjects covered are: quality of concrete, 
allowable stresses; mixing, placing, curing and cold 
weather protection of concrete; torms, cleaning, bending, 
placing, splicing and protection of reinforcement; con- 
struction joints; general design considerations; flexural 
computations; shear and diagonal tension; bond and 
anchorage; flat slabs; columns and walls; and footings. 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


44-1 


Sept. 1947, pp. 1- 


THE FIVE-YEAR TEMPERATURE 
a OF A THIN CONCRETE 


ee 


44.2 
S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. resente 
herein is the temperature history of a thin concrete dam, 

sed on results of more than five years of observation 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature Huctuations 


%&CEMENT-AGGREGATE REAC. 
TION IN CONCRETE..........--0-- 
DUNCAN McCONNELL, RICHARD C. MIELEN; 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 

The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused ser sus distress of concrete structures in Calli 
fornia Oregon Idaho Arizona Nebraska Kan 
Washington, Wyoming rginia and New York Nn 


distress will undoubtedly be discovered in other state 


44-3 


' 
ta 


Microscopic, r rochemical « } a1 st 
of cor ete have reveaied the det i characterist 
the deteri tior ind make pc bie the distinction of ti 
type 
phy ; nv ‘ tior have Jentified 4 

and ns which are susceptible 1 ttack t ent 
alkal ic 


of dete stior fror other Der } phic ind 


As in JOURNAL Volume 18 these 
columns will carry the synopses of all 
papers and reports, cumulative thru 
the volume year. 


— 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANEL......... 44-4 
BERT A. HALL—Oct. 1947, pp. 129-140 (V. 44) 
Desirability of using portland cement plaster for surfaces* 
exposed to water spray and condensation impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
nated, and the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCle brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surface to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surtace, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 

The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in 
vestigated by methods described in a previous paper. An 
eature of the method is that prisms of the con 
It is found 


essentia 


cretes are permitted to dry from only one side 


thatthere n general an optimum gypsum content for each 

ent for minimum loss in weight, a different optimum for 

hortening and still a diferent optimum for min 

The data ere t limited to indicate 

t tt? 1 an optimum gypsum 

< t r eme ma m ct of safet 

} ement f Type 3 

t P ere tained t 

+ +} ; ‘ ed { t the 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 

Technical Progress Issue of the AC] JOURNAL—the pages indi- 

cated will be found in the February 1947 issue and (when it is 

completed) in V. 43, ACI Proceedings. Beginning with t pag ts 

—— all issues will be open for advertising. Write for | 
etails. 


Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich.............000ceeeeuee 735 
—Concrete products plant equipment 
Stearns Manufacturing Co., Inc., Adrian, Mich... ........2.0.cccceceeceeueees 725 
— Vibration and tamp type block machines, mixers and skip loaders 
rr ee cen enntbeasbececsnavedecsoerace 776 
—Concrete aosions, block and brick machine vibrators 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 
a Pome loading and bulk cement plants, road machinery, buckets, and 
steel forms 


ss kk een caches esebesceeecees vores 757 
—Mixing plants, cement handling equipment 
Chain Belt Co. of Milwaukee, Milwaukee, Wis.............6.00ccc ce ceeeeee 762-3 
—DMixers, pavers, pumps 
Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N.Y... 0.0.00 0c cues 772 
oncrete vibrator equipment 
Construction Machinery Companies, Waterloo, lowa.............. 66sec eee ees 745 


—Batching and placing equipment, Jetcrete gun 
Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


een ds cack esa bbe Cd bi ensetectseseaeedecose 759 
—Hauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, ER aL ee 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio. ............6 000 cece eens 754 
—Finishing and joint installing machines 

Tee ee eee tea a cens dans enensesesevasens 740 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio..... 6... ccc eee eens 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio...........6 060: c cece cece eee euee 738-9 

oncrete Paving Equipment 

i i i ci, Te. tcc ccccccccesecccccceccceene 761 
—Automatic mixing plants 

Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois............06.0058. 748 
—Concrete vibrators 

a IN EO TUNED ss snc 6 0.60.08 0a 0 00-50 000506.0000 060088 722-3 
—Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa.... 6... ccc cee eens 788 
—Crushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y...... 771 
—Form tying devices 

Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois.............4. 744 


—Fforms, form ties, form systems, bar supports 
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Wither Ge., 786 Se. Flower St., Burbank, Coll... .ccccccccccccccccccccsess 752-3 
—Concrete vibrators 
Worthington Pump and Machinery Corporation, Holyoke, Mass.............5.: 770 


—Paving Mixers 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich.......... 792, 794-5 
—Publications about concrete 

Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y............55. 749 
—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y............0005 773 


—Engineering service for prestressed concrete 

Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass 
—Grid system of concrete construction 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y..........2.0006- 728-9 
—Floor finishing methods 


Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 


NE Oe iis dc ddd a dn oe PR OR Ss DAA Dea Ele Se 731-4 

—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y............00065 730 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois. ......... 756 
—Thin shell concrete roofs 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa............00000- 766-7 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.......... 790-1 

—Waterproofing 


Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
—Calcium chloride 


Dewey and Almy Chemical Co., Cambridge 40, Mass..............0000ee0es 764-5 
—A\ir-entraining and plasticising agents 
Haydite Manufacturers, Buffalo; Kansas city, Toronto; St. Louis; South 


Park, Ohio; San Rafael, Calif.; Danville, Illinois..............00 cece eee eee 741 
Lightweight aggregate 
Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif..............05. 774-5 
—Curing Compounds 
Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois.............0005 724 
—Reinforcing bars 
Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Yo... 6. eee eee 726-7 


——-Cements and cement performance data 


Master Builders Co., The, Cleveland, Ohio; Toronto, Ont.............0.0005 777-84 
—Air entrainment and cement dispersion 

Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Illinois.............. 793 
—Concrete reinforcing bars 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J.........0c0e cece eeeees 750-1 
—Waterproofings and densifier 

Techkote Company, 821 W. Manchester Ave., Inglewood, Calif............... 760 
—Concrete curing compounds 

United States Rubber Co., Rockefeller Center, New York 20, N. Y............5. 758 
—Form lining 

Testing Equipment 

Baldwin Locomotive Works, Philadelphia 42, Pa............. 0. ccc cece eee ees 721 
—Testing equipment 

Concrete Specialties Co., Coulee Dam, Wash.............. 0 ccc cece eee eeeeeees 789 
—Testing machines, and equipment for capping test cylinders 

Gilson Screen Company, P. O. Box 186, Mercer, Pa...... 6.6.60 0 cece ee eee eees 755 


—Mechanical testing screens 














; 
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Current AC! Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages In covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per cepy. (40 cents to ACI Members) 


[Superseded by (ACI 318-47) but still in large demand because it is incorporated 
in many existing codes] 


Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages; $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as Information and for discussion only. 20 pages, 
25 cents per copy (Reprint trom ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 
Reported by Committee 322 as information and for discussion only. 4 pages 


25 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 
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Discussion of a paper by R. H. Sherlock and Adil Belgin: 
Protection of Electric Strain Gages in Concrete* 
By BYRON L. WHITNEY and AUTHORS 


By BYRON L. WHITNEYT 


The paper describing a method of moisture-proofing SR-4 gages at- 
tached to reinforcing bars embedded in concrete is a very interesting and 
enlightening one. 

The authors mentioned that gage readings were taken on the steel 
before concrete was placed and during the curing period of the beams. 
It would be interesting to know the results of these readings. It has 
been the experience of the writer that strain readings taken at this time 
are quite inconsistent and meaningless, probably because of the tempera- 
ture changes taking place during the hydration period and the shrinkage 
(or expansion) in the concrete. 

No doubt, this method of moisture-proofing SR-4 gages is a very 
reliable one and considerable time was spent in its development; however, 
it seems that the installation would be quite costly and difficult to make, 
particularly when a large number of gages are to be used or when gages 
are to be installed under field conditions. 

The suggestion that electrician’s tape be placed under the wires 
where they emerge from the gage is a good one. It might be added at 
this point that the care in installing the gage and taking strain readings 
cannot be stressed too far; a good installation means the difference be- 
tween reliable and useless results. 

It would be interesting to know the general results and success ob- 
tained by the authors in their study of steel stresses; perhaps it would 
be convenient to make certain comparisons with the results found by 
others. Reference is made to a U. 8. Bureau of Reclamation Laboratory 
Report, No. SP-13, by the writer, entitled “The Installation and Use of 
Bonded-Wire Electric Strain Gages on Reinforcing Bars Embedded in 


*ACI Jounnan, Nov. 1047, Proc. V. 44, p. 189. 
{Davis Dam, Nev. 
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Concrete,” for the purpose comparing techniques and general success 
in the use of SR-4 strain gages. 

It occurs to the writer that the bond area that is replaced by the plastic 
shield is excessive, particularly if a number of gages are to be installed 
on a single bar; thus the bond stresses measured in this manner would be 
incorrect. 


AUTHORS’ CLOSURE 


The authors wish to make the following comments regarding the 
several points raised by Mr. Whitney: 

An additional paper is in preparation setting forth the results obtained 
on the main part of this investigation of which the development of these 
protective devices was a part. This paper will be offered for publication 
at a later date, but it is thought advisable to abstract some of the material 
which may supply the information requested by Mr. Whitney. 

Three pilot test-beams were subjected to curing for a period of 7 days. 
They were 6 in. wide by 8 in. total depth and were reinforced on one 
side only. Pilot beam A was made of one mix while beams B and C were 
made at a different time from one batch of concrete using a different mix 
than beam A. In both cases the beams were cured by covering them with 


Fig. A—Change in strain of beams during 7 days curing 
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Fig. B—Elastic behavior of beams under third-point loading 


burlap. In the case of beam A the burlap was wetted thoroughly once 
each day, while for beams B and C the burlap was wetted twice each day. 

Fig. A shows the change of strain for each of these beams during the 
7 days of curing. Beam A showed an elongation during the first day of 
curing. For the next 2 days the change in length was practically zero, 
after which the elongation continued up to the end of the 7 days. 

Beams B and C were quite alike in their behavior, but, unlike A they 
showed a small amount of shortening during the first 2 days of curing, 
after which they showed an increasing elongation with curves practically 
parallel to that of beam A. 

There are several influences at work tending to change the length 
of the steel during the period of curing. The most important are, first, 
the shrinkage of the concrete due to chemical reaction, and, second, the 
rise in temperature accompanying this reaction. Differences of behavior 
may also be expected based upon the concrete mixture, the thoroughness 
of the curing process, the duration of the curing process, changes of aver- 
age room temperature, and the presence or absence of direct sunshine 
upon the specimen. 


There was no difference in behavior which might be attributed to 
differences in the type of forms since in all three cases the side forms 
were of steel and the bottom of wood. 











 —<_ 
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During the third and sixth days additional readings were taken, the 
first being in the morning and the second in the evening. In both beams 
B and C there was a reversal of the elongation of the steel bars, possibly 
due to a corresponding difference in room temperature, or the absence of 
sunshine, during the evening. 

Fig. B shows the elastic behavior of two beams loaded approximately 
at the third points at an age of 135 days and after several previous 
cycles of loading. As indicated on the sketch, the beams were loaded 
approximately at the third points of the span and the gages were placed 
on the steel near the middle of the center portion where there was no 
change in stress except that due to the weight of the member itself. 
Beam No. | was reinforced on the tension side only while Beam No. 2 
was reinforced for both tension and compression. The change of strain 
is shown in micro-in. per in. It will be seen that there is an orderly 
change of strain in all cases and that the behavior of the tension steel 
is practically the same in both beams. The strain in the compression 
steel is considerably smaller than in the tension steel, as would be ex- 
pected. 

Mr. Whitney suggested that these devices would be rather costly 
and difficult to make. This is true, but in research work such instrumen- 
tation is a vital part of the investigation. In field work where the shields 
must be placed upon bars with bending, it may be necessary to split 
the shields lengthwise and cement them together around the bars. This 
was not necessary in the laboratory. 

It is true that the bond area which is replaced by the shield is very 
large. In this investigation, however, the shields were placed in a zone 
of constant bending moment where there was no bond stress. It might 
be pointed out in this connection, that the length of the disturbance 
from this source was only about 3 in. as compared to the length of 4 in. 
in an investigation described in the April-May, 1948 issue of T'esting 
Topics, issued by the Baldwin Locomotive Works. 


Unfortunately, the authors do not have access to the U. S. Bureau 
of Reclamation Laboratory Report, No. SP-13, by Mr. Whitney, at 
this time. Comparison with his results will have to await the later and 
more complete paper. 
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SYNOPSIS 


Potential deleterious reactivity of aggregates with high-alkali cements 
can be predicted from results of a newly developed chemical test. De- 
termination of deleteriousness is based upon the amount of silica dis- 
solved by a 1 N sodium hydroxide solution from a representative sample 
of the aggregate crushed to the No. 50 to No. 100 size, and the con- 
comitant reduction effected in the alkalinity (potency) of the solution. 
The samples can be prepared, the test run and the necessary chemical 
analyses completed in 3 work days. 

The test has indicated correctly the deleterious or innocuous char- 
acter of approximately 70 sands, gravels, rocks and minerals for which 
mortar-bar data and many service histories are available. The results 
of the test substantiate hypotheses developed to explain the phenomenon 
of the pessimum proportion and the rates of mortar expansion character- 
istically caused by deleterious aggregates of different types. 

A specific test procedure is described and is recommended for inclu- 


sion in the program of tests ordinarily applied to determine quality of 
concrete aggregates. 


INTRODUCTION 


Experience in the past decade has demonstrated conclusively that 
aggregates can react chemically with constituents of hydrating portland 
cement, occasionally with accompanying deterioration of the concrete. 
By far the most important reaction of this type involves the interaction 
of the released alkalies (Na,O and K,0) with aggregate particles contain- 
~ *Received by the Institute Sept. 22, 1947. 


tHead, Petrographic Laboratory; Chemist-Petrographer; and Chemist, respectively, U. 8. Bureau of 
Reclamation, Denver, Colorado. 
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ing opal, chalcedony, tridymite or acid to intermediate volcanic glasses. 
Deterioration of concrete attributed to this kind of cement-aggregate 
reaction has been identified in California, Oregon, Washington, Idaho, 
Wyoming, Nebraska, Kansas, Colorado, Arizona, Virginia and New 
York, and will undoubtedly be recognized elsewhere in the future. It has 
necessitated repair or replacement of dams, - powerplants, buildings, 
bridges, highways and other important engineering works.* 


Consequently, it is now realized that permanence of a concrete struc- 
ture can be assured only if the degree of reactivity of the aggregate is 
determined prior to construction. Although the reaction between aggre- 
gates and cement alkalies is inhibited or retarded by the limitation of 
alkali content of cement, low-alkali cements are not always available, 
and for some aggregates restriction of alkali content within ordinary 
limits is not sufficient to avoid a deleterious degree of reaction. t 


Efforts to develop a quick method for determining reactivity of 
aggregates were begun early. Yet, to the present day, the most reliable 
method of determination is measurement of expansion of moist-stored 
mortars containing high-alkali cement and the aggregate under investiga- 
tion,'f a technique which commonly yields diagnostic results only after 
several weeks or months of testing. Moreover, proper operation of the 
test procedures requires elaborate equipment and controls. Other sim- 
plified methods of detecting cement-aggregate reaction while aggregate 
is embedded in portland cement, including the so-called “pat tests’’?-* 
and the “bi-aggregate slab,’’* likewise may not give diagnostic evidences 
of reaction for a significant period of time unless the aggregates contain 
highly reactive substances, such as opal. 


Petrographic examination of concrete aggregates®.® known to be inno- 
cuous or deleterious, as the case may be, has identified the rocks and 
minerals which are significantly reactive with cement alkalies. By petro- 
graphic analysis of an aggregate the need for restricting alkali content 
of the cement can be determined quickly and reliably. At the present 
time all aggregates to be used in construction by the U. S. Bureau of Re- 
clamation are examined petrographically to determine their quality. 
However, only a few petrographers have attained the experience nec- 
essary to perform these petrographic studies, and at best their conclusions 
inevitably contain a large element of personal judgment. 


Previously described efforts to develop a chemical test for reactivity 


‘of, aggregates have been unsuccessful. These tests will be discussed 


*For a comprehensive bibliography of papers describing the causes, controls and effects of this kind of 


’ cement-aggregate reaction, see ACI JouRNAL Oct. 1947, Proc., V. 44, p. 93. 


tIn this paper a distinction is made between ‘‘reactivity’’ and “‘deleteriousness.’’ ‘‘Reactivity”’ is used 
to designate potentiality for chemical interaction of aggregates with chemical solutions, either in chemical 
tests or while the aggregate is embedded in cement. ‘'Deleteriousness” is used to designate the potential 
harm which may be caused to concrete containing the aggregate. Such a distinction is necessary because 
deleteriousness is not proportional to reactivity. 

tNumbers refer to bibliography at end of text. 
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briefly in the next section of this paper, but it is to be noted that chemical 
tests offer the hope that deleteriousness might be predicted quickly, 
quantitatively and with a minimum of personnel and equipment. For 
these reasons several laboratories have devoted considerable time and 
effort toward development of a practicable chemical test of aggregate 
reactivity. 

In this paper the results of research in the laboratories of the U. S. 
Bureau of Reclamation to develop such a chemical test of reactivity will 
be summarized, and a procedure by which deleteriousness can be ascer- 
tained quickly and with considerable reliability will be described. 


REVIEW OF CHEMICAL TESTS TO DETERMINE REACTIVITY OF AGGREGATES 
General statement 


Knowledge that the observed deterioration of concrete was caused by 
reaction between aggregates and high-alkali cements led immediately to 
the, conclusion that deleteriousness of aggregates could be predicted 
through observation of the interaction of alkaline solutions and pre- 
pared samples of the aggregates. Fundamentally, two manifestations 
of reaction could be observed: the effect of the solution upon the aggre- 
gate, and the effect of the aggregate upon the solution. The subsequent 
discussion will treat the two methods of determination separately. 


Dissolution of aggregates by alkaline solutions 


The stability of aggregate materials in alkaline solutions has been 
determined by many investigators by immersion of prepared samples in 
such solutions as sodium, potassium and calcium hydroxides; sodium and 
‘potassium sulfates; sodium and potassium carbonates; and mixtures of 
these substances.?:7'*.°!° Among these solutions, those containing only 
sodium hydroxide are usually most destructive; those containing po- 
tassium hydroxide are usually somewhat less so. Whether measured as 
weight loss or degree of etch on polished surfaces, very highly reactive 
substances suffer greatest dissolution; but no criteria diagnostic of de- 
leteriousness to concrete can be based upon these tests because some 
innocuous aggregates show more etch or lose more weight than do some 
of the moderately deleterious aggregates of widespread occurrence. For 
example, a deleteriously reactive obsidian lost 0.4 percent by weight in 4 
months of immersion in a 5N NaOH solution, whereas an innocuous 
basalt lost 3.1 percent by weight under the same conditions. A similar 
relationship is indicated by Bean and Tregoning;’®: ?-** these writers point 
out that a highly deleterious siliceous magnesian limestone from Paso 
Robles, California actually gained weight while immersed in a 10 percent 
solution of NaOH, and the significantly reactive phyllite associated with 
the expansion of concrete at the Buck Hydroelectric Plant!! showed only 
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an insignificant loss. Carbonates are slowly dissolved by strongly alka- 
line solutions, thus causing weight loss or etch which is related in no way 
to deterioration of concrete.°® 


Application of etch tests®:'!? to selected samples of rock whose re- 
activity with high-alkali cement is known proves that these tests do not 
measure the particular kind of reactivity responsible for disintegration 
of concrete. For example, an innocuous glassy basalt which caused a 
mortar expansion less than that caused by quartz showed a high degree 
of etch, whereas a highly deleterious novaculite etched hardly at all. 


It may therefore be concluded that dissolution of aggregates by 
alkaline solutions cannot be used alone to estimate deleteriousness of 
concrete aggregate. 


Change in alkaline solutions during interaction with aggregates 

Various alkaline solutions have been placed in contact with prepared 
samples of aggregate materials, and the effect upon the solution measured. 
The changes in the solutions have been determined as concentration of 
substances in solution (particularly silica) and changes in alkalinity. 
When held in intimate contact with rock and mineral substances, water 
typically becomes slightly or moderately alkaline;'* however, tests on 
43 samples of rocks, minerals, sands and gravels whose degree of dele- 
teriousness was known from previous mortar studies prove that this type 
of instability is not related to the reactivity with cement alkalies. Simi- 
larly, changes of pH of aqueous slurries, as a result of the addition of 
aliquots of hydrochloric acid and sodium hydroxide (Table 1) were found 
to be unrelated to deleteriousness. 


Solutions extracted by filtration from dilute slurries of high- and 
low-alkali cements, solutions of lime water, of lime water containing 
small amounts of sodium hydroxide and/or sodium sulfate and solutions 
of sodium hydroxide were placed in contact with powdered specimens of 
aggregate for varying periods of time. In these tests the alkalinity of 
the solutions typically was reduced; calcium and to a lesser extent 
sodium ions were removed from solution (Tables 2 and 3). Although the 
changes were widely variable, only a general relation to deleteriousness 
in mortar or concrete could be adduced. 


Measurement of the dissolution of aggregate by determination of the 
concentration of new substances in solution at completion of the tests 
would appear to be a fruitful line of study. Investigators have shown 
that alkalies may be released from aggregates while they are enclosed in 
cements'*:'® or immersed in alkaline solutions,’ but this release is not 
related to the reaction which results in expansion of mortars and con- 
crete. Similarly, release of Fe,03;, AlzO;, CaO, MgO, and SO; into various 
alkaline solutions” is not indicative of deleteriousness. Likewise, measure- 
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TABLE 2—REMOVAL OF HYDROXYL, CALCIUM AND SODIUM IONS 
FROM Ca(OH);—NaOH SOLUTION BY POWDERED AGGREGATE 
MATERIALS IS NOT INDICATIVE OF DELETERIOUSNESS 























Results of chemical t tests* 
— —_—_—— Maximum expan- 
sion at | yr of 
HCl to mortars?’ contain- 
Aggregate material pH = 7.0| Calcium | Sodium ing aggregate 
(mE /1) (mE /l) (mE /1) (percent) 
No. Designation 
61 | Marble, Yule, Colo. 68 13.7 56 —¢ 
62 | Dolomite, Tuckahoe, N.Y. 61 7.3 6 .026 
66 —_ from near Denver, 62 10.4 57 .033 
olo. 
69 | Oligoclase, Mitchell 61 8.1 57 .038 
ounty, N. C. 
67 | Microcline, Bathurst, 60 5.0 55 .039 
Ontario, Can. 
54 Chalcedony, Serra do 52 3.4 52 264 
Mar, Brazil 
27 | Green obsidian from near 54 5.6 51 .699 
Georgetown, Colo. 
37 | Andesites and rhyolites, 55 ya ae | ee _ 
selected from gravel, | 
Bill Williams River, 
Ariz. 
—- | Tuffaceous, opaline 54 4.5 54 858 
limestone, selected from 
gravel from near 
Kimball, Neb. 
59 | Siliceous magnesian lime- | 52 3.3 53 6 
stone, Paso Robles, 
Calif. 
— | Opal, Virgin Valley, 47 2.9 | 48 2.218 
Nev. | | 
— | None 70 18.0 | 55 














a—Test performed as follows: 5 g. powdered agaregate ms aterial (more than 90 pere cent passing No. 200 
screen) mixed with 50 ml of solution saturated with Ca(OH): and containing 2.25 ¢/l NaOH; aftor 48 hours, 
solution filtered off and aliquot of filtrate titrated with 0.106 N HCl, with pH being read c ontinuously with 
a Beckman pH meter; chemical analyses for calcium and sodium made on remainder of filtrate. Abbre- 
viation mF /l indicates milliequivalents per liter of solution. 

. b—See Footnote b, Table 1. 

c—Materials are listed in order of increasing mortar expansion; positions of the three materials for 
which no expansion is indicated is estimated on the basis of results of other mortar tests, inasmuch as they 
were not tested in the 1 x 1 x 10-in. mortar bar series to which the recorded data refer (see Table 5). 


ment of silica dissolved by alkaline solutions proves that dissolution of 
silica is not related quantitatively to deleteriousness. Although the 
highly deleterious substances release large quantities of silica into strongly 
alkaline solutions, some innocuous materials liberate more silica than do 
some moderately deleterious aggregates.’:'!° These conclusions are sup- 
ported by data presented subsequently in this paper (Tables 4 and 5). 


DETERMINATION OF SILICA RELEASE VERSUS ALKALINITY REDUCTION 
Discussion 


The results of chemical investigations summarized in previous sections 
of this paper prove that deleteriousness of aggregates is not a simple 
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TABLE 3—REDUCTION IN ALKALINITY OF Ca(OH), SOLUTION, OR OF 

FILTRATES FROM SLURRIES OF HIGH- AND LOW-ALKALI CEMENTS 

BY POWDERED AGGREGATE MATERIALS IS NOT INDICATIVE OF 
_DELETERIOUSNESS 


Hct to pu = 7.0 0 (mE ls 








Filtrate | Filtrate Maximum expan- 
Aggregate material from | from _ | sion at 1 year of 
| Near sat. | cement | cement mortars’ contain- 
| Ca(OH)» No. No. | ing aggregate 
sol. | 2742 .| 2735 | (percent) 
No. Designation | 
61 | Marble, Yule, Colo. ee oe ee 48 | ‘ 
— | Kaolin, McNamee Mine, | 12 22 14 .025 
Langley, S. . | j | 
62 | Dolomite, Tuckahoe, N.Y.| 16 42 | 36 .026 
— | Bytownite, Crystal Bay, | 22 21 10 .031 
Minn. | 
48 | Serpentine, Warren Co., | 1.6 9.8 4.8 032 
N.Y. 
66 | Quartz from near Denver, | 11 21 16 .033 
| Colo. 
44 | Granite selected from 18 21 11 .038 
gravel from near 
KKimball, Neb. 
69 | Oligoclase, Mitchell Co., | 21 23 12 .038 
N.C. 
67 | Microcline, Bathurst, 14 21 10 .039 
| Ontario, Canada 
3 | Sand, Coulee Dam, 8.2 11 1.8 .075 
| Wash. 
53 | Chert, Joplin, Mo. 8.7 16 4.8 .214 
63 | Phyllite, Buck Dam, Va. 15 19 8.5 
18 | Sand from near Kimball, 15 22 12 € 
| Neb. 
39 | Andesite selected from 13 15 6.9 AT7 
| gravel, San Joaquin 
| River, Calif. 
50 | Novaculite, Hot Springs, | 22 40 37 561 
| Ark. 
27 | Green obsidian from near 6.6 8.0 3.4 .699 
| Georgetown, Colo. 
13 | Sand, Cowlitz River, 14 15 7.2 
| Wash. 
Tuffaceous opaline lime- | 6.6 9.8 4.0 858 
stone, selected from 
gravel from near 
| Kimball, Neb. | 
59 | Siliceous magnesian lime- | 3.7 1.0 1.3 e 
| stone, Paso Robles, 
Calif. 
| Opal, Virgin Valley, Nev.| 3.2 se4 8 2.218 
| None ee ee 4 — 


a—Test perfor med as follows: Filtrates from cements Nos. : 742 (1. 30 percent Na2O and 0. 12 percent 
K20) and 2735 (0.04 percent Na2O and 0.14 percent K20) rant by mixing distilled water and cement 
in proportion 3 to 1, agitating slurry for 1 hour, and filtering off clear solution. 20 g. powdered aggregate 
material (more than 90 percent passing No. 200 screen) mixed with 50 ml. of solution; after 48 hours, solu- 
tion filtered off and aliquot of filtrate titrated with 0.106 N HCl, with pH being read continuously with 
a Beckman pH meter. Abbreviation mE /l indicates milliequivalents per liter of solution. 

b—See Footnote b Table 1. 

c—See Footnote c t able 2. 
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TABLE 4—DISSOLUTION OF SILICA FROM 
SOLUTION AND THE CONCOMITANT RE- 








Aggregate material 
No Designation Source 
1 A a a SR Bill Williams River, ‘Aris... Rica a a'evatd ats : 
2 a oh ak oe cues pial g ocak Bill Williams River, Ariz............... 
3 BPO L-+.410 «0 ttn & Grand Coulee Dam, Wash.......... 
4 BE See .......| Salt River, Stewart Mountain Dam, Ariz.. 
5 Gravel’......¢..............| Salt River, Stewart Mountain Dam, Ariz. 
6 MGS 56 560 33.0005 case ay Salt River, Mormon Flat Dam, Ariz.. . i 
EMS ig bid) 60. b'a aliore'e b:0-% ..| Salt River, Mormon Flat Dam, Ariz. } 
8 Sand/.... Mia vd idles ob biota NS Eo SES LP ee ; ; ' 
af ST Pe ..| Kremmling, Colo... . 
10 CT is ad kava <a Gite River, Coolidge Dam, Ariz.. 
11 reve... 6.25 es seeeeeees| Gila River, Coolidge Dam, Ariz. . 
12 EERE ee ...| Cherry Creek, | SS ee 
12 Bands... ccc cc cevesesces-| Cowlits River, Wash. 
14 Sand/;.... seteccvecceccsces| Republican River, Kan.. 
15 Res tein hg ha». o'A ....++| Blue River, Kan... 
16 SS oh ene oy Si ctate Eeiwnhe San Joaquin River, Friant Dam, Calif. 
17 Rb hn 6d oes oe =) Ye | Sie 
18 CT ech eo edad Near Kimball, Nebr.. 
19 ea. + ve baps'ee 04.08 4 Shasta Dam, Calif. . 
20 ERS As. oimdne bbe ; Black Canyon Dam, Idaho. 
21 RS. 6d Z%c:adn dios aM ese ..| Yellowstone National Park, Wye. 
22 OO” rey Sy Pe ey Oro Fino Creek, Calif... ; 
23 ES. 2 4's 4 a'8'e odious ...++| Snake River, Burley, Idaho... 
24 Sand/.. Aa 0 ake ovedeaiane American Falls Dam, Idaho 
25 A ee ey Idaho Falls, Idaho... . 








a—Beo. appendix. ” Abbreviation mM /1 indicates millimoles per ‘lite or ref solution. 
b—Except : otherwise indicated, bars are 2 x 2 x 10 in. in size; mix parts 1:2; aggregate graded 19 percent 
ae each Nos. 8, 16, 30, 50, and 100; 5 percent pan; cured 7 days in fog | room at 70 I, then stored at 
F in sealed cans in yreaence of excess water; cement No. 2742 (1.30 percent Na2O and 0.12 percent KO). 
c—Footnote b, Table 
d—1 x 1 x 10-in. rood t bars; mix parts 1:3; natural gradings of sand, No. 8 through minus No. 100 pan; 
cured 2 days in fog room at 70 F, then stored at 100 F in sealed cans in presence of excess water; cement 
No. MP (0.78 percent Na2O and 0.66 percent KO). 
5) e—Not included in these series of mortar bars, but known to be deleterious (see aggregate No. 37, Table 
f—Aggregates known to be associated with deterioration of concrete through cement-aggregate reaction 
in engineering structures. 
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SANDS AND GRAVELS BY AN NaOH 
DUCTION IN ALKALINITY OF THE SOLUTION 


Results of chemical test with NaO// solution« 


No. 50 to No. 100 } Powder | 





Silica dissolved Silica dissolved 
Concen | Alkalinity | Concen- Alkalinity | Caleu- | Maximum expansion 
tration | reduction tration reduction | lation at 1 year of mortars 
inmM/l | Percent of inmM/l | inmM/I Percent of | in mM /l Seki | containing aggregate 

(Se) material (Re) (Ss) | material (Ry) Sik | percent) 

78 0.47 70 74 0.89 122 1.84 11s8¢ 

140 | 0.84 56 85 | 1.02 27 3.74 « 

SY? 0,53 102 100 1.20 a5 83 07 5¢ 

120 0.72 97 91 1.09 101 1,38 290 

225 1.35 | 79 121 1.45 104 2.45 206 

100 | 0.60 be | 85 1.02 104 1.51 236 

132 0.79 72 51 0.61 91 3.27 226 

73 0.44 69 90 1.08 68 80 183 

75 | 0.45 82 8S 1.06 91 05 .148 

205 1.23 163 80 0.06 228 3.58 459 

140 | 0.84 108 33 0.40 107 7.74 360 

34 | 0.20 il 77 0.92 63 68 | 0134 

325 195 | 141 222 2.66 124 1.29 | 570 

60 0.36 37 124 1.40 10 52 167 

40 0.20 | 17 | 105 1.26 no 55 064 

2 0.3 57 | SS | 1.06 57 5 O72¢ 

27 0.16 165 5O 0.60 11 is CO 043 

05 0.57 S4 77 0.02 07 1.42 382 

65 0.39 | 148 110 1.82 117 17 0254 

50 6.0: t~ i 72 0.86 114 71 056¢ 

133 | 0.80 41 225 2.70 | 61 | So | 455° 

130 | 0.78 87 115 1.35 63 82 420 

28s 1.73 87 410 4.92 | 152 1.23 108 

142 0.85 $2 138 1.66 160 | 2.12 27% 

12 2.05 101 | 220 2.64 | O2 2.04 6S6 
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Designation 
Obsidian. . Sites 
Green obsidian... . 


Brown obsidian. ..... 
Rhyolite obsidian.. 


ee 
Rhyolite tuff. . 
Rhyolite. . . 
Acid voleanicss, . 


Pitchstone...... 
Felasitic rhyolite 
Rhyolite porphyry...... 
Andesites and rhyolitess 


Andesites¢ 
Andesites¢ 
Basalt. . 
ES ae 


Basalt. . 
Granite, . 
Granite. . 
Granite. .... 


Altered anorthosite 

Serpentine..... ‘ 
Serpentine ; 

Opaline chert 


Novaculite. 
| eae 
Se 
Chert..... 


Chaleedony . . 
Shaleedony...... 

Chalcedony... .. 

evn ise beese ses 


Siliceous limestones and cherts 


Siliceous magnesian limestone, . 


Limestone, .. 
Marble..... 


Dolomite, . 
Phylliter,. . 
Schiat.... 
Arkose,... 


Quartz.... 
Microcline, . 
Albite,.. 
Oligoclase 


Andesine 
Pyrex glass 
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TABLE 5—DISSOLUTION OF SILICA FROM 
: SOLUTION AND THE CONCOMITANT RE. 


Aguregate material 


Source 


Lake County, Ore....... 
Near Georgetown, Colo. 
Near Georgetown, Colo. 
White Pine County, Nev 


Near Superior, Ariz... 

Hideaway Park, Colo.... 

Castle Rock, Colo. . ‘ 

Selected from gravel associated wth sand No, 24 


Mojave, Calif, 
Deadwood, 8, D. 
From gravel No. 2.. 


Magdalena Mountain, N. M. 


From gravel equivalent to sand No, 13 
From gravel equivalent to sand No, 16 
Near Vantage, Wash. 

Grand Coulee Dam, Wash. 


Coconino Damuaite, Ariz. . 

Near Baltimore, Md. ‘ 
From gravel equivalent to sand No, 18 
Florence Lake Dam, Calif. 


Soledad Canyon, Calif. 
Cardiff, Md... .. 
Warren County, N. Y. 
Near Paso Robles, Calif 


Hot Springs, Ark. 
Dover Cliffs, England 
Crown Point, N. Y. 
Joplin, Mo...... 


Serra do Mar, Brazil 
Lead Pipe Springs, Calif. 
Medford, Ore,...... 
Near Quincy, Wash. 


From gravel, Hoover (Boulder) Dam, Nev.-Ariz 
Paso Robles, Calif, 

Bridge Canyon, Ariz. 

Yule, Colo.... 


Tuckahoe, N. Y.... 
Buck Dam, Va..... 
ylleaby Dam, Va... 
Byllesby Dam, Va.... 


Near Denver, Colo..... 
Bathurst, Ontario, Canada 
Amelia Courthouse, Va 
Mitchell County, N.C.... 


Palmietfontein, Transvaal 
Crushed laboratory ware 


a—Bee appendix. Abbreviation mM /1 indicates millimoles per liter of solution. 


b—Exce 
Ta 


note b 
o-" 


pt if otherwise indicated, bara are 1 x 1 x 10 in. in size, and were prepared as described in Foot- 
»le 1. 


Footnote b, Table 4. Extensive testa indicate potential deleteriousness of aggregate No. 59 ia con 


siderably greater than is indicated by expansion shown. 
~—~Not used as aggregate in mortar, but indicated to be innocuous by petrographic analynin 
@—Not included in these mortar series, but known to not cause deleterious expansion of mortarn, 
f—Taken from data published by T. I. Stanton (Mef, 17, p. 121). 
s~ See Footnote f, ‘I 


able 4, 
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CHEMICAL TEST FOR REACTIVITY OF AGGREGATES 


ROCKS AND MINERALS BY AN NaOH 
DUCTION IN ALKALINITY OF THE SOLUTION 


Results of chemical test with NaO// solutions 








| 
No. 50 to No. 100 } Powder | 
| 
Silica dissolved | | Silica dissolved | | 
" ' 
Concen- | Alkalinity Concen Alkalinity 5 aleu- | 
tration | reduction tration | reduction atcon 
in mM /l | Percent of| in mM/l in mM/l | Percent of | in mM/l Sely 
(Se) material | (Re) (Sy) material (Ry) SRe 
07 0,58 30 994 2,57 87 1.31 
540 3.24 } 182 } 425 | 5.10 103 | 1,35 
208 1.25 07 267 | 3.21 159 1.28 
200 1,20 114 220 2.64 114 a1 
220) 1.37 | 108 | 450 5.40 227 1,07 
820 4.92 | 250 | 616 7.39 1009 , 2a 
850 5.10 | 38) 838 10,05 266 71 
770 4.62 18S 650 7.80 182 | 1.15 
330 1.08 0 } 10 5.40 182 | 1.48 
69 0.41 27 | 43 0.52 180 | 2.27 
Au 0,20 SI Sh 10,20 6S 1S 
720 1.32 184 550 6.60 182 1.30 
235 1.41 73 202 2.42 SH 1.37 
O60 3.96 168 575 6.00 101 60 
132 0.70 215 } 110 1.43 136 70 
143 0.86 146 L239 1,36 106 v2 
25 0.15 16 21 0.25 “=e 
10 0.24 9 | 65 0.78 75 78 
26 0.16 30 61 | 0.73 18 68 
10 0.12 26 i 0.65 4 87 
13 0.08 | seo | 11 0.14 336 =| (1,04 
6.2 0.04 233 3.6 0.04 245 | 1.81 
7.5 | 0.05 236 7.5 | oO.00 2h4 | 1.08 
800 4.80 500 12 | 10.95 270 . 
280 1.68 | 60 360 1.32 SO 1.11 
738 zz *. 170 | 588 7.06 169 1,18 
205 1,23 53 | 220 2.64 207 3.65 
150 2.70 115 | 385 4.62 91 92 | 
| | 
. ae 198 600 7.20 we .-| 6° 
S40 5.04 2038 | 760 9.12 1S2 ov | 
1100 6.60 217 | 1000 12,00 108 1,00 
1040 6,23 407 050 11.40 227 | Bl 
| i | 
| | 
237 nn? a=: 7.8 | 0.00 162 | 92,00 | 
650 : Sree? | 326 | 3°90 21 | 8.8 | 
2.4 | 0.01 1h 3.3 0.04 14 68 | 
2.3 0.01 12 | 5.2 0.06 32 | * ia 
| | 
| 
3.8 | 0.02 385 13 | 0.02 161 | 3,82 | 
v1 0,55 76 27 | 03 100 1 84 
a4 | @.90" 4] Os 10 0,12 4 4.02 
4 86|hC(O.28 a2 8S 1.05 4 | oo | 
| 
l 0.10 a1 213 2.55 | 48 | 23 
0.08 a1 a6 0.43 | 18 | 21 
1h | 0.09 26 | 31 | 0.37 17 | 32 
12 | 0.08 20 20 0.35 27 | a] 
| 
14 0.090 | 37 15 0,18 100 | 2,82 
825 1.05 | isl 625 7.50 | 225 1.4 


203 


Maximum expansion 


at#l vear of mortars® 


| containing aggregate 


(percent) 


261 
699 
516 
303 


254 
O41 
100 
445 
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function of any one aspect of chemical instability. However, the general 
relation between certain types of reactivity and deleteriousness suggests 
that combination of several chemical properties may prove to be 
diagnostic. 

The ease with which silica is liberated from aggregates while they 
are in contact with alkaline solutions should be related closely to dele- 
teriousness, for expansion and deterioration of concrete are associated with 
accumulation of alkalic silica gels formed during the progress of the 
cement-aggregate reaction.'*'® However, the lack of specific correla- 
tion of silica release (as measured by analysis of the solution or by weight 
loss or etch of the aggregate) with deleteriousness indicates that for some 
aggregates the capacity to release silica is mitigated or augmented by 
other factors. 

Considering the problem further we note that the reduction in alka- 
linity of solutions which is effected by different aggregates is widely 
variable. It would appear that this reduction is to some extent a measure 
of the efficiency with which the potency of the solution is utilized during 
the reaction. Since the alkali content of portland cements rarely ex- 
ceeds 1.50 percent, the efficiency with which these alkalies liberate silica 
from aggregate is probably a significant control of deleteriousness. Thus, 
for example, a particular aggregate may fail to be deleterious to concrete, 
not because it is chemically stable, but because alkalies available from 
the cement are insufficient to produce enough alkalic silica gel for de- 
leterious expansion of the concrete or mortar, even though ‘that same 
quantity of alkalies could produce deleterious amounts of gel through 
reaction with other aggregates. 

In view of these possibilities, the release of silica from aggregate 
materials and the concomitant reduction in alkalinity effected in a solu- 
tion of sodium hydroxide was determined for approximately 70 sands, 
gravels, rocks and minerals whose degree of deleteriousness had been 
established by mortar bar studies. The test method is described in the 
appendix. 


Results of the test with NaOH solution 


The results obtained from testing 71 materials and 11 mixtures of 
these materials are summarized in Tables 4, 5, and 6. Study of the data 
confirms results of earlier tests in that the amount of silica dissolved 
is related only in general to deleteriousness, and reduction in alkalinity 
alone is no clue to deleteriousness. In this test the measured concentra- 
tion of silica in the solution at completion of the tests ranged from 2.3 
to 1,100 millimoles per liter (0.14 to 66 grams per liter) or from 0.01 to 
6.60 percent by weight of the No. 50 to No. 100 aggregate material, For 
the pulverized material, the silica in solution ranged from 1.3 to 1,000 
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TABLE 6—DISSOLUTION OF SILICA FROM MIXTURES OF OPAL AND IN- 
NOCUOUS MATERIALS BY AN NaOH SOLUTION AND THE CONCOMI- 
TANT REDUCTION IN ALKALINITY OF THE SOLUTION ARE CLOSELY 
RELATED TO DELETERIOUSNESS 


| Results of chemical test with NaOH 
solution* (No, 50 to No, 100) 








Mixture 
Silica dissolved 
l | Alkalinity |Maximum expansion at 1 
Opal, Dolo- | Concentra-| Percent of | reduction |year of mortar’ contain- 
No.| percent mite, tration in | material inmM/l | ing aggregate (percent) 
| percent mM /L(S,) | (R,) 
72| 0.5 99.5 | |. os | 101 ¢ 
73} 1.0 99.0 53 32 «| 117 ¢ 
74 | 2.5 07.5 203 1.76 104 e 
75 5.0 05.0 428 2.56 | 137 c 
76 | 10.0 90.0 | 815 | 4.89 | 154 ‘ 
77} 20.0 80.0 | 935 §.61 | 189 ¢ 
Opal, | Quartz, | 
percent | percent | | 
78 10 | 99.0 | 176 | 1.06 29 | e 
79 2.5 97.5 | 342 2.05 80 1.0284 
so; 5.0 | 9.0 | 531 =| 319 | 127 | 1.613 
81 10.0 9.0 | 876 | 5.26 | 156 250 
82 | 20.0 80.0 | 886 5.32 | 176 O19 
| | 








n-- See appendix, Abbreviation mM /l indicates millimoles per liter of solution, 
b—See Footnote b, Table 1. 

e-~No mortar bars prepared, 

d—Expansion at 1 year of mortar containing 2 percent opal in quarts, 


millimoles per liter (0.08 to 60 grams per liter) or from 0.02 to 12.0 
percent by weight of the aggregate material. The reduction in alkalinity 
ranged from 12 to 500 millimoles per liter for the No. 50 to No. 100 
fraction and from 14 to 462 millimoles per liter for the pulverized material. 


To facilitate discussion of the test results, several abbreviations will 
be applied to designate the various types of data, namely: S, represents 
the silica dissolved in the filtrate from the coarse (No. 50 to No. 100) 
fraction at completion of the test, expressed in millimoles per liter; 
S; represents the silica dissolved in the filtrate from the fine pulver- 
ized fraction at completion of the test, expressed as millimoles per liter; 
R, represents reduction effected in alkalinity of the NaOH solution by the 
coarse (No. 50 to No. 100) fraction during the test, expressed as milli- 
moles OH per liter; R, represents reduction effected in alkalinity of the 
NaOH solution by the fine pulverized fraction during the test, expressed 
as millimoles OH per liter. 


During discussion of the data, reference frequently will be made to 
deleterious and innocuous degrees of reactivity as indicated by the 


mortar bar tests of aggregate. Studies of the mortar tests used as a 
basis for the expansion data reported in Tables 1 to 6 indicate that 
aggregates which cause mortar expansions in excess of 0.2 percent in 1 
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year (when used with high-alkali cement No. 2742, containing 1.30 
percent Na2O and 0.12 percent KO) must be considered deleterious in 
high-alkali cement concrete in field structures. Aggregates causing less 
than 0.1 percent expansion per year in mortar tests may be regarded as 
innocuous from the standpoint of reaction with cement alkalies. Aggre- 
gates causing expansion in the range 0.1 percent to 0.2 percent in a year 
usually do not show clear-cut evidences of cement-aggregate reaction in 
structures, but several aggregates of this character are associated with 
concrete deterioration whose cause is conjectural. Consequently, for 
purposes of succinctly classifying the tested aggregates, the mortar ex- 
pansion of 0.1 percent per year is taken as the limit separating the in- 
nocuous from the deleterious materials. Among the tested materials, 
one exception is made to this generalization, namely, the rhyolite tuff 
(No. 31), which caused insignificant mortar expansion but yet produced 
large quantities of alkalic silica gel within the mortar. Lack of expansion 
of the mortar in spite of formation of gel apparently is related to an 
abundance of pores in the tuff into which the gel could escape without 
formation of high osmotic pressure. Rocks similar in composition to the 
tuff, but less porous, must be considered deleterious to concrete. In 
Tables 4 nd 5 the aggregates known to have cuused deterioration of field 
concrete through reaction with cement alkalies are indicated. 


Even cursory study of the analytical data in Tables 4 and 5 reveals 
that the No. 50 to No. 100 fraction and the pulverized material of a given 
aggregate commonly produce widely different concentrations of dissolved 
silica and reductions in alkalinity of the NaOH solution. Moreover, 
although dissolution of silica from the powder would be expected to be 
consistently greater than that from the equivalent coarse material 
because of the much greater surface area for attack, the reverse commonly 
is true. 


More careful examination of the data demonstrates that the great pro- 
portion of the deleterious materials to which the test was applied is 
characterized by one or both of two apparently independent chemical re- 
lationships, namely: the dissolution of silica from the fine material 
(S;) is comparatively large (usually greater than 100 millimoles per 
liter); and the ratio R; to R. is greater than the ratio S; to S., 7.e., the 
factor S.R;/R. is greater than S;. These criteria are not sufficient to 
reliably identify deleteriousness in individual aggregates, but their 
empirical relation to deleteriousness indicates that they must correlate 
with the physical-chemical properties controlling cement-aggregate re- 
action in mortar and concrete. 


The physical and chemical meaning of the fact or S.R;/R. may be 
derived as follows: the ratio S./R. expresses the rate of dissolution of 
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silica from the No. 50 to No. 100 material per unit reduction in alkalinity 
of the NaOH solution. Consequently, S.R;/R,. would represent the total 
quantity of silica dissolved from the powder during the test if all char- 
acteristics of the silica-dissolving reaction were the same for the coarse 
and fine materials. This condition is not wholly true, but the relative 
magnitudes of the ratio S.R;/R. versus the quantity S; may indicate 
the total amount of silica liberated from the aggregate powder relative 
to the silica dissolved in the solution (S,;). Thus, in a qualitative way, if 
the ratio S.R;/R. is greater than S,;, it is probable that more silica was 
liberated from the powder than is accounted for by silica in solution. 
This silica must be retained upon and within the particles of the aggre- 
gate material. The counterpart of this retained silica produced while 
the aggregate is enclosed in a high-alkali cement would contribute to 
deleterious expansion of mortar or concrete. Therefore, deleterious 
aggregates characterized by a ratio S.R;/S,;R, greater than 1 must be 
considered more deleterious than would be suggested by the magnitude 
of the quantities S; or S.. 

However, the ratio S.R;/R. could represent the total quantity of 
silica liberated by the powder only to the extent that the quantity S, 
represents the total quantity of silica liberated from the No. 50 to No. 
100 fraction. If the quantity S, does not comprise virtually all of the 
silica liberated from the No. 50 to No. 100 fraction, then the ratio S.R;/R, 
consistently would be too small to be a reliable measure of the amount 
of silica liberated by the powder. The accumulation of gelatinous 
silica upon the No. 50 to No. 100 fraction undoubtedly would become 
increasingly significant with increase in the amount of silica dissolved in 
the NaOH solution; consequently, it is anticipated that the magnitude 
of the ratio S.R;/R. would be most deficient for highly deleterious aggre- 
gates. In fact, for an aggregate which is so reactive as to be almost com- 
pletely decomposed during the test, 25 grams of No. 50 to No. 100 fraction 
might retain more gelatinous silica than the 12.5 grams of powder, even 
though the total surface area of the powder may be as much as 25 times 
greater than that of the No. 50 to No. 100 material usea in the test. 
These deductions are consistent with the analytical data derived from 
the test inasmuch as the ratio S.R;/S;R. is less than 1 for opal (No. 57) 
and opaline chert (No. 49), which are the most deleterious aggregates to 
which the test was applied, whereas this ratio is greater than 1 for most 
of the moderately or slightly deleterious aggregates. 


The observed relation between deleteriousness of aggregates, on the 
one hand, and the magnitude of the factors S.R;/S;R. and S;, on the 
other, can be explained on the basis of these considerations. For example, 
aggregate No. 11 is moderately deleterious in spite of the small quantity 
of silica dissolved in the NaOH solution (S; = 33); however, this dis- 
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solved silica should be regarded as supplementary to the gelatinous silica 
which probably remains adherent to the aggregate material and is not 
determined in the analysis for silica in solution (the ratio S.R;/S,;R, = 
7.74). Conversely, for quartz (No. 66) S; = 213, yet quartz is inno- 
cuous; the ratio S.R,;/S.R, = 0.23, thus indicating that probably no 
gelatinous silica is adherent to the particles. The opal (No. 57) is highly 
deleterious; the test results indicate this deleteriousness in high con- 
centration of silica (S. = 1040 and Sy; = 950), in spite of the com- 
paratively low value for S.R;/S;R, (0.81). 


These considerations also point to a reason for lack of correlation 
with deleteriousness of the amount of silica dissolved or the weight lost 
from aggregate materials during immersion in alkaline solutions. For 
example, they explain the insignificant weight loss measured by Bean and 
Tregoning’® in their tests of the phyllite (No. 63) from Buck Dam, 
Virginia, and the gain in weight for the siliceous magnesian limestone 
(No. 59), both of which are deleterious. The factor S.R,;/S;R, is 4.84 
and 2.34, respectively, for these materials, implying accumulation of 
gelatinous silica during the reactions. However, these hypotheses will 
not reconcile satisfactorily the high degree of etch sustained by basalt 
(No. 41) with its well-established, innocuous character. An explanation 
of this relationship must be sought among other aspects of chemical 
reactivity. 


As was mentioned previously, the rate at which the alkalies are utilized 
in the liberation of silica will influence the degree of deleteriousness of 
the aggregates. Actually, however, the alkalies available for reaction 
in the chemical test under discussion are proportionately more abundant 
than are the alkalies available for reaction in a high-alkali cement mortar 
containing normal amounts of aggregate.* Consequently, the factor 
limiting liberation of silica in the chemical test usually is the nature of 
the aggregate, whereas the factor limiting liberation of silica within a 
mortar may be either the nature of the aggregate or the deficiency of 
available alkalies. On this basis, the glassy basalt (No. 41) may be 
innocuous in spite of its dissolution by alkaline solutions because of the 
very large consumption of alkalies (R. = 146 and R; = 106). There- 
fore, the test data will be examined to discover the effects of the rate of 
consumption of alkalies on deleteriousness. 


The so-called “pessimum’’} proportion has long been the subject of 
conjecture and discussion. It would appear to be entirely possible that 
the phenomenon of the pessimum proportion might represent the opera- 


*In the chemical test under discussion, the amount of sodium available from the NaOH solution per 
unit of aggregate material is about four times greater than the total cement alkalies available for a unit of 
aggregate in a high-alkali cement mortar bar with mix parts of 1:2. 

tA word used by T. E. Stanton to designate the proportion of reactive constituent in an aggregate at 
which maximum mortar expansion occurs."’, ?, 111 
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Fig. 1—Reduction in alkalinity in the chemical test is related 
inversely to the pessimum proportion 


tion of two opposing characteristics of cement-aggregate reaction, namely: 
the tendency for increased expansion of the mortar as progressively more 
reactive particles are made available for attack; and the tendency for 
decrease in the silica-producing reaction as the available alkalies are 
more and more rapidly depleted by adsorption and liberation of silica 
over the greater and greater surface area exposed to attack. If these 
deductions are correct then the pessimum proportion should be low for 
those aggregate materials which considerably reduce the alkalinity of 
the solution during the chemical test, and it should be large if the reduc- 
tion in alkalinity is small. 


The pessimum porportion for many of the deleterious rocks and min- 
erals tested can be determined from available mortar-bar data, since they 
were combined in various propertions with crushed quartz, which is 
used as a control aggregate. The deleterious rocks and minerals were 
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substituted for quartz in proportions 5, 10, 20, 50, 75, and 100 percent, 
except that the 10- and 75-percent replacements were omitted if material 
was insufficient for a complete series.* In Fig. 1, the relation between 
the pessimum proportion and the reduction in alkalinity effected by the 
No. 50 to No. 100 material is shown for the 22 aggregates tested in these 
ways. With the exception of the two chalcedonic rocks (No. 56 and 58) 
whose pessimum proportion is 100 percent, an excellent relation be- 
tween these two factors is indicated; were more information concerning 
the precise position of the pessimum proportion available, the linear 
distribution of the data points might be improved. As would be antici- 
pated, the pessimum proportion shows an inverse relationship to reduc- 
tion of alkalinity. 

The relative rate of expansion of mortars with passing time would 
also be influenced by the rate at which alkalies are removed from solu- 
tion during the cement-aggregate reaction. Data presented in Table 7 
and Fig. 2 confirm this conclusion. Increasing reduction in alkalinity 
in the chemical tests correlates with increasing relative rate of initial 
expansion of the mortar. The two materials (No. 56 and 58) whose pessi- 
mum proportion is 100 percent manifestly are characterized by properties 
which do not conform to these principles, and they are, therefore, omitted 
from the table and figure. The rhyolite tuff (No. 31) is omitted from 
Fig. 2 and from the calculations in Table 7 referring to mortar expan- 
sion because, as was previously stated, for this material the mortar 
expansion shows little relationship to its degree of deleteriousness. 
For the materials with average FR. of 36, 97, 176, and 316, during the first 
2 months mortars containing the pessimum proportion expanded 4.2, 
31.1, 42.6, and 60.5 percent, respectively, of the total expansion at 1 year. 
Thus, for 19 of 22 materials for which data are available, the reduction 
in alkalinity of the NaOH solution indicates the degree to which the 
alkalies available in the mortar will be depleted during progress of cement- 
aggregate reaction. However, it is to be noted that the magnitude of the 
expansion (in contrast to the relative rate of expansion) increases as 
R. increases and as the pessimum proportion decreases, a relationship 
not explicable in terms of utilization of alkalies during cement-aggregate 
reaction. 

As was indicated previously, degree of deleteriousness should correlate 
with the quantity of gelatinous silica adherent to the aggregate material 
in the chemical test. This accumulation of gelatinous silica effects a 
reduction in the alkalinity of the NaOH solution,t consequently the 


*For a description of the mortar test methods see footnotes, Tables 1 and 4. 

+The reduction in alkalinity determined in this test represents reduction in titratable hydroxyl ion. 
However, in the interpretation of potential cement-aggregate reaction, the reduction effected in the con- 
centration of sodium ion is considerably more pertinent. Nevertheless, determination of reduction in 
titratable hydroxyl ion rather than in concentration of sodium ion is justified because for most aggregates 
the reductions are probably proportional, and the reduction in titratable hydroxyl ion can be determined 
accurately and quickly, whereas analyses for sodium are expensive, time-consuming and not sufficiently 
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Fig. 2—The relative rate of mortar expansion correlates with. 
the reduction in alkalinity of the solution effected by the ag- 
gregate in the chemical test 


magnitudes of both the quantity R, and the ratio R./R,; likewise should 
correlate with the mortar expansion caused by the various deleterious 





precise at high concentration of sodium to permit accurate calculation of the comparatively small concen- 
tration reduction caused by most aggregate materials. 

_ For most aggregate materials, the reduction in alkalinity of the NaOH solution is related directly or 
ety fe production of undissolved alkalic silica gel upon and within the aggregate particle. However, 
it must be noted that reduction in titratable hydroxy! ion can be caused by reactions wholly unrelated to 
the reactions through which soluble silica is liberated from rocks and minerals. For example, release of 
iron or magnesia and consequent precipitation of insoluble hydroxides can reduce concentration of hydroxy! 
ion very significantly, as for dolomite, CaMg (COs)2 (No. 62). Reaction of the NaOH solution with certain 
organic substances in the aggregate materials, or operation of adsorption or base exchange processes like- 
wise can cause reductions in titratable hydroxyl ion without contributing to silica release. 

These extraneous phenomena account in part for the lack of precise correlation between the magnitude 
of mortar expansion and the results of the chemical test. Moreover, they may account for the innocuous 
character of moderately reactive materials, for example, basalts (No. 40 and 41) which may be innocuous 
because insoluble hydroxides of iron and magnesium are precipitated peripherally upon the particles, thus 
preventing significant attack of alkaline solution permeating the mortar. Yet the close relation between 
the results of the test and the activity of the aggregates in mortars suggests that the extraneous reductions 
in titratable hydroxyl ion are of limited significance for most aggregates. 

Probably the most important factors preventing a straightforward relation between deleteriousness and 
reactivity are the porosity and permeability of the aggregate, high permeability acting to expose a large 
portion of the aggregate to chemical attack, and high porosity acting to reduce expansion by reducing the 
osmotic pressure which is exerted against the enclosing cement paste. 
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Fig. 3—Deleterious aggregates can be distinguished from in- 

nocuous aggregates on the basis of silica dissolved from No. 

50 to No. 100 material and reduction in alkalinity of the 
NaOH solution during the chemical test 


aggregates. These quantities and the average mortar expansion are in- 
dicated for the four groups of deleterious aggregates included in Table 7. 
As is anticipated, the values of PR, and the ratio R./R; increase as the 
mortar expansion increases. 


Since the ratio of released silica to alkalinity reduction appears to 
be significant, the factor S, has been plotted against R, (Fig, 3). On 
this basis, the innocuous can be separated from the deleterious materials 
by a line whose locus approximates S,/R,=1. For innocuous materials, 
S./R. is less than 1; for deleterious materials, S./R, is usually greater 
than 1; z.e., deleterious materials are characteristically those which 
utilize the alkalies the more efficiently in liberation of silica. The ma- 
terials represented by points in the upper left corner are those which 
would be least deleterious to concrete because they release little silica 
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but reduce alkalinity greatly; the altered anorthosite (No. 46), which 
demonstrates these relations, caused 0.026 percent contraction of a 
high-alkali cement mortar at age 1 year when the anorthosite constituted 
100 percent of the aggregate. The materials indicated in the lower right 
theoretically would be very dangerous to concrete because they utilize 
the alkalies efficiently and the reactions are long-continued. The field 
at the lower left comprises those materials which are comparatively 
stable and innocuous, yet small amounts of silica are liberated pro- 
gressively at moderately efficient rates. The materials at the upper 
right are the least stable, releasing large quantities of silica at high rates; 
their low pessimum proportion may permit use of aggregates containing 
large proportions of these materials with high-alkali cements; they are 
the substances which are most desirable for cement additives intended to 
reduce cement-aggregate reaction. 


This method of analysis demonstrates that not only the ratio S./R, 
(or S;/R; for a comparable development of the data derived from tests of 
the pulverized aggregate materials) but also the magnitudes of the quan- 
tities S. and R. (or S; and R;) are necessary for full interpretation of 
the deleterious or innocuous character of the aggregate. 
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Fig. 4—Reactivity of aggregates varies greatly with change in opal content 
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Several data points fall very close to the line separating deleterious 
from innocuous materials, and it appears probable that some aggre- 
gates of unusual composition may be diagnosed erroneously by this test. 
Such a circumstance is most likely for those deleterious aggregates con- 
taining substances which reduce alkalinity by reactions other than those 
through which silica is liberated, thus.shifting the data points upwardly 
into the field in which S,/R, is less than 1. 

Results of testing of admixtures of opal (No. 57) with quartz (No. 66) 
and opal with dolomite (No. 62) are summarized in Table 6 and Fig. 4. 
The ratio S./R, is widely different for the two mixtures at lower contents 
of opal; however, when the opal content exceeds 10 percent the effects 
of the dolomite or quartz are masked. The data demonstrate sensi- 
tivity of the method in detecting small amounts of deleterious sub- 
stances. 


Results of the chemical test with KOH solution 

Of the total of 71 materials included in the test with NaOH solution, 
18 materials falling adjacent to the locus S./R. = 1 (Fig. 3) were 
selected for testing with a 1 N solution of KOH to determine compara- 
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Fig. 5—KOH solution is less destructive to aggregate materials than NaOH solution of 
equivalent concentration 
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tive degrees of reactivity. The results are summarized in Table 8 and 
Fig. 5. In all of the aggregates, the quantity S, is less and for all except 
one, 2, is less when KOH is used in the test instead of NaOH solution. 
For aggregate No. 3, R, = 102 for both KOH and NaOH. Except for 
aggregates Nos. 9 and 65, a line whose locus is approximately S,/R, = 
2/3 separates the aggregates which are deleteriously reactive with cement 
No. 2742 (1.30 percent Na.,0 and 0.12 percent K,O) from those which 
are innocuous. Consequently, KOH appears to be less destructive to ag- 
gregate materials than NaOH at equivalent concentration. 

The position of the points representing the two deleterious aggre- 
gates (No. 9 and 65) on the left side of the line in association with in- 
nocuous materials may suggest that some materials of marginal dele- 
teriousness are deleterious with high-soda cements and innocuous with 
high-potassa cements. Mortar-bar data suggest that this may be true 
for aggregate No. 9, for although the expansion with high-Na,0 cement 
No. 2742 is 0.148 percent at 1 year, the equivalent expansion of a mortar 
containing a cement with 0.22 percent Na,O and 0.67 K20 is only. 0.028 
percent, and another mortar containing a cement whose alkali content 
is 0.28 percent Na,O and 0.64 percent K.O showed 0.008 percent con- 
traction at 1 year. Data of this type are not available for aggregate 
No. 65, but since the mortar expansion with the high-soda cement No. 
2742 is only 0.147 percent in 1 year, the mortar expansion with a high- 
potassa cement conceivably could be considerably less than 0.1 percent. 
However, factors other than comparative reactivity of KOH and NaOH 
are involved in the expansion of mortars containing cements of differing 
Na,0/K,0 ratios, but discussion of these factors is beyond the scope of 
this paper. 

The results of the chemical test with KOH suggest that different 
limits for diagnosing deleteriousness are required for different cements. 
The division of innocuous from deleterious materials established in 
lig. 3 is probably conservative since it classifies as innocuous only those 
materials for which no indications of deleteriousness through cemente 
aggregate reaction are known, whereas several aggregates whose dele- 
teriously reactive character is conjectural are classified as deleterious. 


SUMMARY AND CONCLUSIONS 


Deleterious reactivity of aggregates with alkalies released during 
hydration of portland cement can be predicted quickly and reliably by 
means of a chemical test in which dissolution of silica by an NaOH solu- 
tion, and the concomitant reduction effected in the alkalinity of the 
solution are measured. The test data correlate well with both the amount 
and rate of expansion of high-alkali cement mortars, and the pessimum 
proportion is explained. Preparation of an aggregate sample for testing, 
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operation of the test, and chemical analyses can be completed in 3 work 
days and involve about 6 man-hours of direct labor. 

A specific procedure of test is given in the appendix and is recommended 
as a means of determining reactivity of aggregates with cement alkalies. 

Data derived from tests of 71 sands, gravels, rocks and minerals indi- 
cate that previously described chemical test procedures fail to be diag- 
nostic of deleteriousness because deleteriousness is related to reactivity 
with alkalies through two factors: (1) the quantity of silica liberated 
in a given time, and (2) the amount of silica liberated per unit reduction 
in potency of the solution. In other chemical tests, dissolution of the 
aggregate was measured as weight loss, degree of etch, or quantities of 
new substances in solution; data of these types are insufficient to dis- 
cover the particular kind of chemical instability which leads to dele- 
teriousness. 

The chemical test greatly reduces the need for lengthy and expensive 
testing of mortars and concrete; it can be applied to determine chemical 
instability of aggregates concurrently with the tests of physical quality 
now widely used in acceptance testing of concrete aggregates. 
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APPENDIX 
Method of test for silica release with NaOH solution 


Carefully prepared samples of the aggregate were used in two gradations, namely, 
No. 50 to No. 100 and a pulverized material. The samples for testing were prepared 
as follows: Approximately 2 lb of representative material from each aggregate was 
obtained (for sands and gravels the representative portions were graded in equal parts 
of the various size-fractions except that no minus No. 100 pan was included in the sand) 
and crushed down, the No. 50 to No. 100 fraction being repeatedly screened off. When 
all the original material passed the No. 50 screen, the No. 50 to No. 100 fraction was 
washed so as to remove dust and undersized material. The dried sample was then split 
in a sample splitter, and one portion was pulverized in a pebble mill until approximately 
90 percent of the material passed the No. 200 screen. The specific surface area of the 
pulverized material determined by the air permeability method ranged from 1,340 to 
7,500 cm?*/g. 

To begin the test 25.0 grams of No. 50 to No. 100 material and 12.5 grams of pul- 
verized material were placed separately in small stainless steel vessels and then were 
mixed with 25 milliliters of IV NaOH solution. (Identical tests using 1N KOH solution 
were applied to the No. 50 to No. 100 fraction of 18 of these same materials.) The 
vessels then were sealed and placed in a constant temperature bath maintained at 80C + 1 
for 24 hours. At the end of that period, the vessels were removed and cooled to below 
30 C in flowing tap water; as expeditiously as possible the solution was removed by 
filtration from the aggregate material. An aliquot of the filtrate was removed and is 
used subsequently in the determination of the amount of silica dissolved from the 
aggregate material and for measurement by titration with dilute hydrochloric acid of the 
reduction in alkalinity of the solution. 


Recommended test for deleterious reactivity of concrete aggregates with cement alkalies 
Method 


Select a representative sample of the aggregate to be tested and prepare a specimen 
of No. 50 to No. 100 material by crushing and washing as indicated in first section of 
this appendix. Weigh out in triplicate 25.0 grams of the dry No. 50 to No. 100 ma- 
terial into small stainless steel or other nonreactive metal containers (Fig. 6), add 
25 milliliters of freshly prepared 1N NaOH solution, stir the mixture to remove trapped 
air and seal the containers. Immediately thereafter, place the containers in a liquid 
bath or oven capable of maintaining a temperature of 80 C+1 for 24 hours. After 24 
hours, remove the containers from the oven or bath, cool to below 30 C, and, as quickly 
as possible, filter the solution from the aggregate material. Take an aliquot of 10 milli- 
liters of the filtrate and dilute to 200 milliliters in a volumetric flask. Determine the 
concentration of silica in the solution. * 


Take an aliquot of 20 milliliters of the diluted solution and titrate against 0.05 NV 
HCl to the phenolphthalein end point. Calculate the silica concentration and reduction 
in alkalinity of the NaOH solution filtered from the aggregate material as follows: 


*The eomeesetion of silica in solution may be determined gravimetrically or more rapidly by colorimetric 
methods as follows: (1) take an aliquot of the solution containing 10 milliliters of filtrate per 200 milliliters 
of solution and place in a 100-milliliter volumetric flask, already about half filled with distilled water; (2) 

id 2 milliliters of 4 10-percent solution of ammonium ‘molybdate; (3) immediately add 1 milliliter of 1:3 
HCl solution and agitate; (4) let the solution stand for 5 minutes at room temperature; (5) add 1 milliliter 
of 4-percent oxalic acid solution, then fill the flask to the mark with distilled water and mix thoroughly; 
(6) read the transmission of light’ at wave length 410 millimicrons immediately in a spectrophotometer in 
comparison with a reference solution containing all reagents, but no aliquot of alkaline solution, in 100 milli- 
liters of solution. The concentration of silica in the final solution can be read directly from a curve corre- 
lating transmission of light of this wave length with silica concentration. If the transmission is found to 
be so small as to preclude accurate interpolation from the curve, a proportionately smaller aliquot of the 
dilute alkaline solution should be used in a repeat analysis. By use of this method,’ determinations in 
triplicate can be made easily in 1 fee by two operators. 
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Fig. 6—Stainless steel container recommended for use in the chemical test for deleteriousness 
of concrete aggregate 


R. = 1000 — 50v, and S, = 20 C, where R, = reduction in alkalinity in millimoles per 
liter; S, = concentration of silica in millimoles per liter, v = volume (in milliliters) of 
HCl solution used in the titration and C = concentration of silica in the diluted solu- 
tion, expressed in millimoles per liter. 5 


Criteria of Deleteriousness 


Aggregates represented by points to the right of the line (Fig. 3) should be considered 4 
deleteriously reactive with high-alkali cement; unless reliable contradictory information ; 
is available, these aggregates should be used exclusively with low-alkali cements or Tt 
cements containing admixtures known to inhibit cement-aggregate reaction. For quick $¢ 
estimation, aggregates characterized by a ratio of S./R. greater than 1 may be con- ; 
sidered deleterious. Aggregates with R, greater than 250 may yield insignificant ex- iT 
pansion in mortar tests, if not admixed with an innocuous aggregate, because of the | 


low value of the pessimum proportion; this relationship must be considered in design of | 
concrete mixes. 


The chemical test herein described yields no information concerning types of cement- 
aggregate reactions other than those involving interaction with cement alkalies. : 
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Discussion of a paper by Richard C. Mielenz, Kenneth T. Greene and Elton J. Benton: 


Chemical Test for Reactivity of Aggregates with Cement 
Alkalies; Chemical Processes in Cement- 
Aggregate Reaction’ 


By J. C. SPRAGUE and C. J. CHUNN and AUTHORS 


By J. C. SPRAGUE and C. J. CHUNNf 


This paper attacks a problem of considerable interest in that it offers 
a short accelerated test for predicting, with a reasonable degree of 
assurance, which aggregates are potentially reactive with the alkalies in 
cement, and which aggregates are innocuous. — Before the procedure can 
be applied with a high degree of assurance, however, there are several 
imponderables to be resolved, outstanding among which is the evaluation 
of high potassium vs. high sodium alkali in the cement. The ratio of 
KO to Na.O in cement produced in the southeastern states ranges from 
2:1 to 10:1, as compared with a complete reversal in certain other sections 
of the country. This is an important consideration, as was brought 
out by the authors. 

The writers have applied the recommended test procedure to 60 
aggregates, several of which are known to be deleterious. In each case, 
when the test results of those known ‘to be deleterious were plotted on 
hig. 3, they were indicated as being deleterious. Sixteen of the aggre- 
gates were subjected to both IN NaOH and KOI, Fourteen of these 
aggregates were indicated as being deleterious when plotted on Fig. 3 
(NaQ/ treatment) while only five were indicated as being deleterious 
when plotted on Fig. 5 (KOH treatment). The authors suggested, and 
our test results so indicate, that different limits for diagnosing deleter- 
iousness are required for different cements. Mortar expansion bars 
have been prepared on all 60 aggregates using a high potassium cement 
but sufficient time has not elapsed for any indication of expansion. The 
writers are subjecting the remainder of these 60 aggregates to the IN 


*ACL Jounnan Nov, 1047, Proce, V. 44, p. 108 
tEngineer-in-Charge and Chief, respectively, Chemical Section, Division Materials Testing Laboratory, 
South Atlantic Divison, Corps of Engineers, Department of the Army 
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KOH treatment and are preparing mortar bars on each using a high 
sodium cement. When a cement whose alkali content is predominately 
potassium is to be used, it is possible that a curve similar to Fig. 5, based 
on expansion of mortar bars made with high potassium cement would 
offer a fairly reliable method of separating innocuous and deleterious 
aggregates. 


AUTHORS’ CLOSURE 


The authors have been gratified to note the widespread interest. in 
the described test as evidenced not only by the work of Messrs. Sprague 
and Chunn, but also by correspondence received from laboratories in 
many parts of the United States. As is emphasized by Messrs. Sprague 
and Chunn, the relative supply of potassium in contrast to sodium in 
mortar and concrete may control the extent to which cement-aggregate 
reaction will occur. However, much research remains to be accomplished 
not only with chemical tests, but also with mortar and concrete, before 
the reactivity of individual aggregates with cements of differing alkali 
content and K,0 to Na,0 ratio can be predicted with entirely satis- 
factory results. 


Of interest in connection with investigation of aggregates associated 
with deterioration of concrete structures in the southeastern states are 
the results of the chemical test when applied to a chert-containing gravel 
known to be associated with cement-aggregate reaction in highway 
structures and pavements in Georgia. Service records of the gravel 
were described recently by W. I’. Abercrombie,* who has kindly supplied 
samples to the Bureau of Reclamation. Results of the test indicate 
that this aggregate, as well as a second chert aggregate (No. 2 and 6 in 
the cited paper), would be deleteriously reactive if combined with a 
high-alkali cement. The analytical results are as follows: 


Silica dissolved 


| Alkalinity 


Aggregate 
(Sample No., Concentration Percent reduction 
W. F. Abercrombie) in mM/I (S,) | of material in mM/I (R,) 
No. 2 | 91 | 0.55 | 20 
| 
No. 6 | 18s | 1.13 | 57 


Time has, as yet, not permitted preparation of mortar specimens to 
test the reactivity of these aggregates. 

The chemical test has been applied to 30 additional aggregates since 
the original paper was presented for publication, with gratifying results. 


*Abercrombie, W. F., “Concrete Deterioration Subject of Investigation,’ Contractor's and Engineer's 
Monthly, March 1048, pp, 02-06 
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The concentration of silica in solution at the end of the test (S,) has 
been observed to be as high as 1,100 millimoles per liter (for aggregate 
No. 56, Table 5, p. 202-203); and the reduction in alkalinity has been 
found to be as high as 653 millimoles per liter (for an opaline shale being 
used as raw material for pozzolana in concrete at Davis Dam, Arizona- 
Nevada). The accompanying value of S, for the siliceous shale is 484. 
When used as aggregate in mortar bars,* the raw siliceous shale caused 
an expansion of 0.080 percent linearly during a period of 6 months, 
the pessimum proportion being 5 percent.t On the basis of these tests, 
the line separating innocuous from chemically deleterious aggregates 
in Fig. 3, p. 213, can be extended upward. At high alkalinity reduction, 
the concentration of silica in the solution is so reduced that the line 
approximates the locus S,/ R, = 44, rather than S,/R. = 1, valid for mater- 
ials characterized by low or moderate values of R.. However, such 
extreme reductions in alkalinity of the NaO/H solution probably never . 
would be encountered in tests of materials seriously considered for use 
as concrete aggregate. 





Several inquiries have been made concerning the technique by which 
the Neoprene gasket in the cover of the stainless steel container (Fig. 6, 
p. 221) was molded in place. The method is as follows: cut a ring from 
a lyin. thick sheet of uncured Neoprene to fit into the groove in the 
metal cover (segments of a ring are suitable if the overlapping edges 
are beveled); place a circular die over the ring of Neoprene in the groove 
and clamp on as tightly as possible with a C-clamp. Place this assembly 
in an eleetric oven and cure the Neoprene for 45 minutes at 295 F. 
Remove the assembly from the oven, allow to cool, and remove the 
clamp and die. Excess Neoprene may be cut away with a razor blade. 

The die used to mold the gasket consists of a piece of steel tubing, 
2 in. outside diameter, 1° in. inside diameter and 1 in. long, on which 
was cut a shoulder so that a ring s'y in. high and #% in. wide would project 
down into the groove in the cover. The @¢ in. clearance allows excess 
Neoprene to escape from the groove. 





In addition, some amplification of the method of preparation of 
samples (p. 220) also is justified. For gravels, it is recommended that 
the sample of No. 50 to No. 100 material for test be obtained by repeated 
crushing and sereening of the composite composed of 2 lb (or approxi- 
mately 1,000 g.) each of the size fractions 14 to 34 in., 34 to %& in., 
%¢ to is in. The specimen of sand for test is prepared similarly, except 
that the composite is composed of 200 g. each of the size fractions No, 4-8, 
No, 8-16, No. 16-30, No. 30-50, and No. 50-100. 


*l x 1 x 10-in, mortar bara; mix parta, 1:2.25; cement No, 3562 (1.20 percent NayO and 0.04 percent 
KW); agaregate graded 20 percent each, No, 4-8, No. 816, No, 16-30, No, 30-50, and No, 50-100; cured 


24 hours in fog room at 70 FP, then stored at 100 F in sealed cans in presence of excess moisture, 
tSee footnote, p. 208, 
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Experience with the test indicates that the method can appropriately 
be used to detect deleterious alkali reactivity of rock or sand and gravel 
as a part of the program of standard tests applied to determine the 
quality of concrete aggregates. 
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Analysis of Two-Column Symmetrical Bents and 
Vierendeel Trusses Having Parallel and Equal Chords* 


By JOHN E. GOLDBERGt 
SYNOPSIS 


An analysis suitable for quick application to two-column symmetrical 
bents with vertical columns and Vierendeel trusses having parallel and 
similar chords is presented. Method is based on an equation expressing 
joint rotation in a given story as a function of shear in adjoining col- 
umns and of joint rotation in the two adjacent stories. After rotation of 
joints is determined, moments are calculated by simple, specialized 
slope-deflection equations. Method may be directly applied for panel 
point loads; other loadings are resolved to equivalent panel loads. 
Illustrated solutions are developed for a six-story bent and an unsym- 
metrically loaded Vierendeel truss. 


INTRODUCTION 


The symmetrical two-column bent with vertical columns, while not 
a general problem, occurs nevertheless with sufficient frequency to war- 
rant special consideration. Reinforced concrete or welded steel bridge 
towers and piers are common examples of this type of structure. Vieren- 
deel trusses having parallel and similar chords and certain types of hor- 
izontal bracing systems may be considered to be of the same structural 
type. 

This paper presents a simplified method for the analysis of such struc- 
tures under the action of transverse loads, that is, horizontal loads on 
towers or piers and vertical loads on Vierendeel trusses. The method 
may also be used for the analysis of Vierendeel trusses continuous over 
several spans. 


The method is based upon a simple working equation which, in the 
case of bents, expresses the rotation of the joints of any story as a func- 


*Received by the Institute December 30, 1946. 
tAssistant Professor, Department of Mechanics, Illinois Institute of Technology, Chicago, Ill. 
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tion of the known shear in the adjoining columns and of the rotation 
of the joints of the two adjacent stories. A series of simultaneous 
equations, one for each story of the bent, is thus obtained. These 
equations are readily solved by the method of successive approximations 
or successive corrections or may be solved in some cases by the usual 
algebraic procedures. Having thus determined the rotations of the 
joints, the bending moments throughout the structure are easily calcu- 
lated by means of specialized but simple slope-deflection equations. 

Advantages of the method include ease of application and the two- 
fold saving in time which results from the simplicity of the method and 
from the rapid convergence of the successive approximations. 

The method is directly applicable to the analysis of frames of the 
type indicated under the action of concentrated panel-point loads. For 
loads at other locations, an approximately equivalent group of panel- 
point concentrations may be obtained by distributing these loads to the 
adjacent panel-points in inverse ratio to the distances involved. If an 
exact analysis is desired a preliminary analysis is first made on the 
assumption that transverse displacements (vertical displacements in the 
case of Vierendeel trusses, horizontal displacements in the case of bents) 
of the panel-points is prevented by a series of imaginary reactions, one 
at each panel-point. If, then, the bending moments throughout the 
truss or bent are calculated by the slope-deflection or moment-distribu- 
tion methods, the imaginary reactions may be determined by a con- 
sideration of the net shears in the chord members of the truss or the 
columns of the bent. The equivalent set of panel-point loads will then 
be a set of forces equal and opposite to the calculated imaginary react- 
ions. In either method of analysis, the beam bending moments must be 
added to the bending moments which resist the panel-point loads and 
which are obtained by the method developed below. 


| NOTATION 
| Expressions listed are used in developing formulas throughout this 
paper. : 
h = story height. 
m = end moment; m4g = actual moment at the end or Joint A of 
a member AB; mg = end moment of a girder; m. = end 
moment of a column. 
D = relative transverse displacement of the ends of a column or 
chord member. 
E = modulus of elasticity of the material of the members. 
I = moment of inertia of the cross-section of a member. 
; K = relative stiffness of a member; Kz, of the member AB; Ke, 


of a column; Kg, of a girder. 


ii ail 
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L = length of a member. 

M = “wind moment” = external shear on a story times the story 
height. 

R = D/h in anomalous units. 

6 = rotation of a joint in anomalous units; O4, of Joint A, Oz, of 
Joint B; 0,, of either joint at the top of the nth story; 6,, 
an estimated value of On. 


DERIVATION 


The slope-deflection equation for the moment at the end A of a member 
AB which carries no transverse loads directly applied between the ends 
of the members is 

MAB = K(3R ~ 204 = Op). 

Thus, in a symmetrical two-column bent, the moment at the top of 

either column of the nth story is 


Mins Bey Chiba Bg Bed i ks 58 vo wd ds Raa (1) 
and at the bottom of either column the moment is 
Citina * Bea Cee. a Oe a) bo cen ds cou cde wk coeds (2) 


Similarly, the moment at either end of the girder at the top of the nth 

story is 
Mite St Magis TAD 5 ok 9 Os oe a hard eb a ed bee beac (3) 

The shear in each column of the nth story must equal one-half of the 
sum of the external transverse loads imposed from the top of the nth story 
to the top of the bent. Since shear is the rate of change of moment, the 
sum of the top and bottom column moments of the nth story must be 
equal to one-half the sum of these external transverse loads times the 
story height 

14M, = Kea (Ra — 3On — BOm). ones docs cwcccccvten (4) 
which is the bent equation for the nth story of a symmetrical two-column 
bent. 

The joint equation is obtained by applying the law of statics, 2m = 0, 
to either joint of the nth story. Thus, by Equations (1), (2) and (38), 
the moments at the ends of the members framing into either joint of 
the nth story are 


Menm = Ken (3R,—20,—Om) TET LeeLee Tee Ca ee ee (5a) 
Meno = Keo (38Ro —_ 20, = Qo) os ee Sp Bek ¥ 6b wees Mabe ee (6a) 
Men = Ken (—36,) eT re ee Re be REE Pe ae (7a) 


Turning back, for a moment, to Equation (4), the bent equation, and 
solving for R,, we have 


R, = Ma 4 On + On 





<i 2 
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Substituting this value of R, and a similar expression for R, in Equa- 
tions (5a) and (6a), and reducing, Equations (5a), (6a) and (7a) become 


M, , (—0, + On 
Meum = — + Ken ad age Sere aoe (5) 
~ (~~ 
Meno = — + Key Ot 9) Se Ohl Da (6) 
Men = ty (— 30,) Se ee ee oe as ee ee a ea ee eo a (7) 
Hence, by addition, 


zm =a 


KenOm coo 
~0,| 3Kon + ( 4) Ken + (% ) Ken [+ Kea += - =() 


or, transposing, 


M» a Mo, Ke nOm + Keo9o. oe . (9) 





0, (6Ken + Ken + Keo) = 


which becomes the working equation of the proposed procedure. 
Actually, since in any analysis the various K’s and M’s are known, 
Equation (9) may be reduced to a simple expression of the form 
0, = A + BOn + COo. 
For purposes of obtaining a preliminary estimate of the value of 0,, 
we let 6, = 0,, = 9,, Equation (9) then reduces to 
@! M, + My 


i Ce Ge oie Gh holdd ne she’s sae eed scs ects 9a) 
12Ken an 


At the first story, if the columns of that story are assumed to be fully 
restrained at the foundations so that 6) = 0, we obtain 


LS ES ST SRS a (9b) 
12Ke1 + 2Ke,1 


It may easily be shown that, if the columns of the first story are assumed 
to be pin-ended at the foundation, 


Qe, = ce Fa a a es 0 SS ES RI + SI Ser eee (9c) 
12Ke 








SOLUTION BY CONVERGING APPROXIMATIONS 


Obviously, in the analysis of symmetrical two-column frames, Equa- 
tion (9) could be set up for each story or panel and the resulting series 
of equations solved by any of the usual algebraic methods such as sub- 
stitution and elimination or determinants. By thus directly reducing 
the number of unknowns and therefore the number of equations which 
must be originally set up and then handled, the use of Equation (9) is a 
means of realizing a considerable saving in time and labor where these 
algebraic methods are used. 


sauce 
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However, it is in the solution by converging approximations of frames 
in which the number of panels precludes the use of strictly algebraic 
methods that Equation (9) finds, perhaps, its most effective use. The 
simple nature of a cycle of approximations and the rapid convergence 
which is a characteristic of Equation (9) combine to effect a two-fold 
saving in time and labor. 

A suggested procedure for the analysis of symmetrical two-column 
bents and other comparable frames by the method of converging approx- 
imations is outlined below: 


1. Establish the preliminary data: K values of the various members 

and M for each story or panel. 

2. Set up Equation (9) for each story and reduce to the form 

06, = A + BOn + COo. 

3. Divide the stories into two groups of alternate stories; i.e., plac- 
ing the Ist, 3rd, 5th, etc. in one group and the 2nd, 4th, 6th, etc. 
in the other group. For each joint of one group obtain an ap- 
proximate value of its rotation, 6’ by using Equation (9a) and 
Equation (9b) or (9c). 

4. a. Substituting the 0’ values thus obtained for the first group in 
the reduced Equations (9) for the second group, calculate a set of 
first approximations for this second group. 

b. Using the 9-values obtained in Step (4a), calculate a set of 

values for the first group by substituting in the reduced Equa- 

tions (9a), (9b), (9c) for the first group. 

c., d., ete. Calculate successive converging approximations for the 

0 values of both groups, always using, of course, the last caleu- 

lated value of 0, and 0» to obtain a new value of 0,. Repeat 

until the desired degree of convergence and accuracy is obtained. 

5. Using the final 6 values obtained in step (4), compute the column 

and girder end-moments by substituting in Equations (5), (6), 

and (7). 

An alternative method of solution is a combination of algebraic and 
iterative methods. If, for example, the rotations of the odd-numbered 
joints, as expressed by their corresponding reduced Equations (9a), (9b), 
(9c), are substituted in the Equations (9a), (9b), (9c) for the even-num- 
bered joints, the odd-numbered joints may thus be eliminated from the 
group of equations. It will be seen that the coupling coefficients in the 
remaining equations will be extremely small, and if iterative methods 
are then applied, convergence will be very rapid, being realized frequently 
within one cycle. 

If it is desired to determine the transverse deflections, calculate R for 
each panel by means of Equation (8) and convert to linear measure by 
means of the relation, 





a 


oe) 
Jes 






















































































230 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1947 
m =-3K,8 
2 © t @ a(60+80)- +2 + 806, 
100 K=!0 846 @,= 036+ 5716, 
7 : L_ [aa Tac [40 | 4q- 
h=10 +3 CONST,| 036 |.036 |,036 | 036 
S = 100° B50 571 Og |.143 1226 |.240] 244 
M.= 1.0 \ Oe= = |.179 | 262 | 276 | 280 | 
° M Keg - 
© —— 4+ 5 (Gn, e,,) 6) 
ya—m= Me - "$n 0.) © 
_259 — @4(60+ 80+85) = 12530. + 800-854, 
tt coment teation 
200 — 1.0 -1293} -359 6, = 089 + 3550.+ 3776, 
a 0 4b | 44 ah 
h = 10' ‘900 CONST |.089/.089 |. 089 
oi 300" 650 3550.4 | 063/093}: 099 
is 377 O4 | 242 |.238 242 
M,= 3.0 @5= = |.394|420 430 
wo . 1 + 
@} 0, = 19530 - 250) 
aos 6,(60+85+90) = ee + 850,+908, 
20c* Lo -1929] -150 = 170 + 3626,+ 3838, 
E so. [| 4e | 4c | 4e [4g 
h = 10° ee0 ©6[CONST].1 701.170] 170].1 70 
~ © srs .36265 |091 |.143].152}.155 
S = 500 2090 [3836s | 383 |.320| 317 | 317 
M,= 5.0 O,= 2 |.644 | 633] 639 | 642 
° 
a 
by 4 @,(6.0+ 9.0+95) = HOsTo + 908+956, 
a _—_—— ° 
200 10 -2487] 410 = 245 + 3676,+°3880, 
a ios Le aT ot Tah 
h= 10 “4 328 CONST].245] 245] .245].245 
o —s 3670, |.236 |.232| .234| 236 
oe 7078 |'3886; | 356 | 350] 346 | 348 
M;= 7.0 =f | 837|827| 827] 829 
o ‘ 
a] %-< 9.9*7.0 -1.00 
38 8,(6.0+ 95 +100) ae + 956,+ 1008, 
. 3 eh Ad 
200 1.0 -2697] 1.422 @,= 314 + 3730+ 3920, 
Asi [4a] 4cl[ 4e [ 4g 
h = 10’ ant CONST |.314| 314] 314/.314 
2 370 3736, |.373}|.312] .308|.308 
= 900 392 6 | 231! |.278| .276)].276 
M,= 90 8.==F |9!18/|904| 898 | 898 
° 
bg 
Pa 8,(60+100+110) SOC, 10.0 6, 
c3 ——— = ¢ 
200 Re) -2106} 32350 @,= 370 +.3708, 
ve ___|4b | 4d] 4f [ah] 
h = 10° oh2 —- Feonst.| 370] 370] 370] 370 
$ = 100° = 3700, |.340 | 334| 332] 332 
@=s |710] 704] 702/702 
| ol M= 110 Fo Cp acca ean eee 
7] @- 20*!10 . 589 
yl |sCit2+22 
j 
4 2.75 
386 
661 a 
Fig. 1—Example 1, analysis of six-story 
Uy, Ws symmetrical bent 
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je Sa pai Dot 5 aaa (10) 
2E1/L 


or, since the ratio of K to 2EI/L is a constant for all members in the 
frame, simply 
a”, SPY Cae are ener arses AQ ee i AS (10a) 


where D is the increment of transverse deflection contributed by any 
panel. The total deflection is obtained by summing the D’s for all panels 
between a fixed reference point and the panel point at which the deflec- 
tion is desired. 


ILLUSTRATIVE EXAMPLES 

Example 1 

Fig. 1 shows the analysis of a six-story symmetrical two-column bent 
having columns which are eight to eleven times as stiff as the girders. 
As a result of this extreme difference in relative stiffness, the columns 
of the first, fifth and sixth stories have no real points of contraflexure, 
while the point of contraflexure for the columns of the fourth story 
approaches the base of that story. Four cycles of approximations are 
made, but it will be seen that three cycles would have been sufficient for 
all practical purposes. The simple relation existing between the moment 
at the top of any column and the moment at. the bottom of the same 
column will also be noted. It will be seen that the moment at the top of 
the nth story column is 


M,/4 — Ken (On — Om)/2 
while the moment at the bottom of the column is 

M,,/4 + Ken (On — Om)/2 
Moments are in units of 100 lb-ft. Each step is numbered to conform 
to the procedure outlined in the previous section. 


Example 2 


Fig. 2 shows the analysis of a symmetrical parallel chord Vierendeel 
truss under the action of an unsymmetrically located load. The pro- 
cedure follows the step-by-step order previously outlined. 

Having determined the two reactions, also the total external shear 
acting on each panel and M for each panel, the second step consists of 
setting up Equation (9) for each panel-point along either chord and 
reducing these equations by reducing the coefficient of each ©, to unity. 
The third step consists of calculating 6, and 64. The successive approxi- 
mations for the joint rotations are then calculated, the work being done 
in the small tabulations located at the upper panel-points. Final end- 
moments for all members are obtained by using Equations (5), (6) and 
(7), these calculations being shown at the lower panel points. 


ie 











SSN1y [P@PUSI! A PsOY> 19]/DIDd jo sisAjDUD ‘Z ejdwoxz—Z “614 
"e2ei +vez-="0 "802 + 2/I'L-= (02+22 x9)"8 


November 1947 


: S@6EI'+*Olll' +9SS-="8 %*0z2+‘e91 +Z/li | 4-698 -) =(02+91 +81 x9)"O 
"eeci'+*eec! + 997-="6 891 +89) +2/(1688-688-) =(91+91 +1 x9)"e 























































































































uu 

— 

2 fOlil +'@6Ei' + 95S ="@ 691 +'802+ 2/688 -68'b2) =(91+02+81 x9)"O 

re "ezci +618 ='e ‘902 + 2/682 =(02+22x9)'e 

y 

w Q39NdG3Y (6) SNOILWNDS (6) SNOILWNOSZ 

me 

wy © © © © (0) 

y a ~— 8 —— -— ee ------ Ol SO —_———— —O| ~~ —_—__ —_—___o~+a_—- 8 } 

O Sdin688 SdiX & Sim 11N'€ 

oO Oviz- Qibi- g6z2- Beiz-| E2zII- izee-$ ezs9 <u 026'¢ 

= 29¢ - 29¢ lO - LO 660! 660! -| 20¢ Z0¢° - 

€ 8L21- BlL1- | 22z2- 2222- | 2e22- 22z2-| 2eeo =, 2229 43 
" 

Y nN oz oe 31 * 31 2 — : 

Lu Say ES v v 4 

> ° ° Pe ow oO 

< 

ws sion ind’ = egg eee = 

= pl! 4- = 08 X688 - ="W] 6e8- =00!1x 6ee - =W]_ 688 -=001x68e- =W]_ 68b2=O8Xx IIIc =WI,, 

5 nm 688°- =S]® 6se-=s]|> 6ee-=s|® live =s]” 

z ; : . 2e9-|2489-| ="6) 622-|622-|992-| = 9) S6S | 86S" =*9 : ; , 

> See-| sze-| eee-| =*e $v0-| 9¥0-| *e6Er 'S$60- | S60-|201- "eee 980-|$80-| 8 111 |} |468/ @68) 216) ='6 

& 160-| 160-| @60-/ "ezEr 980- | S80-/ elit 280 | 280 | 201 | *eser $2! | 22! | ‘@6e!'| | | 820] 620] 860'| “8 2¢! 

a | beE?2~-| ve2-| be2-| 1SNOD 9SS~- | 9S¢~- | 1SNOD \992"- | 992°-| 992’- | LSNOD 9SS | 96S" | 1SNOD | | | 618} 618) 618) 4SNOD! 

‘eo % | >> | &b Pp | 4b op | 36 | & | Pb | 4b %>y >] 

% 




















232 








ANALYSIS OF BENTS AND TRUSSES 233 


The vertical deflections of the panel-points are calculated below, 
although this is obviously unnecessary in the analysis of a Vierendeel 
truss which is externally determinate. 


By equation (8): 
24.89 0.897 + 0.595 

















R, = a = 1.783 
12 X 2.0 2 
ss KOR _)} 77C 
ie 8.89 0.595 —0.779 —" 
12 X 1.6 2 
2 ( — ee, he 127 
es _—8.89_ 0.779 — 0.687 _ ~1.196 
12 X 1.6 2 
* « i ~—oee 4 —0.687 — 0.325 — —0.802 
12 X 2.0 2 
K 2.0 


Since C = 





e+ a = 24 X 10°, 
2EI/L 2 X 2,000,000 x 2000/96 


and since moments are in 1000 lb-ft (24 « 10-* x 12,000 = 288 x 10°), 
then by Equation (10a) 


D, = 288 X 10°* X 1.783 XK 96 = 0.0493 in, 


Dz = 288 X 10-° & (—0.555) K 120 = —0.0192 in. 
D; = 288 XK 10° x (—1.196) K 120 = —0.0413 in. 
D, = 288 X 10° k (—0.802) K 96 = —0.0222 in. 
>D = —0.0334 in. 


The net downward deflections of the panel-points are, 


A: = _ (0.0334) + 0.0493 = 0.0567 in. 
ov 
A; = a (0.0334) + 0.0493 — 0.0192 = 0.0468 in. 
) 
28 , P 
A, = 36 (0.0334) + 0.0493 — 0.0192 — 0.0413 = 0.0148 in. 
ov 


Example 3 


Given the Vierendeel truss of Example 2, assume an additional support 
at the center panel-point. It is desired to find the magnitude of the re- 
action at this point for the loading used in Example 2. 


It was found in the previous example that the deflection of the center 
panel-point is 0.0468 inches. It is necessary to determine the deflection 
of the center panel-point for a unit load at that location. Since the truss 
is symmetrical, only one-half of the truss need be analyzed for this unit 
load condition and, further, @; is zero. For a I-lb load, each end-reaction 
is equal to 14-lb. Therefore, since the shear in each panel is 44-lb, 
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M, = 0.5 X 8 = 4.0 
M, = 0.5 X 10 = 5.0 
By Equation (9), 


0: (6 X 2.2 + 2.0) = “ + 2.0 (02) 


6: (6 X 1.8 + 2.0 + 1.6) = “i + 2.0 (0:). 


These equations may be solved by algebraic methods or by successive 
approximations. The values obtained by either procedure are 











0, = 0.176 (in anomalous units) 
0. = 0.337. 
By Equation (8), 
hee 4.0 +s 0.176 + 0.337 _ 0.423 
12 X 2.0 2 
2. a 5.0 0.337 + 0 _ 0.429. 
12 X 1.6 2 


Since C = 24 X 10°° and the quantities must be further multiplied 
by 12 because the moments are in lb-ft (12 C = 288 x 10-*), then by 
Equation (10a), 

D,; = 0.423 X 96 X 288 X 10°® = 1.170 x 10° 
Dz = 0.429 X 120 XK 288 x 10° = 1.483 x 10-5 
D, + Dz = (1.170) + 1.483)10-° = 2.653 x 10-5. 


From Example 2, A; = 0.0468 in. Therefore the reaction at the center 
panel-point is 
0.0468 _ 
2.653 x 10-5 


Note that the reaction may also be calculated by means of Maxwell’s 
Theorem of Reciprocal Deflections. If the deflection of the second panel- 
point due to a unit load at the third panel-point is 1.170 & 10-° as cal- 
culated above, then the deflection of the third panel-point due to a load 
of 4000 lb at the second panel-point is 


A; = 4000 X 1.170 & 10-5 = 0.0468 in. 
Then, as before, the reaction is 


0.0468 =~ 1755 Ib 
2.653 X 10°° 


Note also that unless deflections in inches are specifically desired, 
only the relative values of deflections would be required in solving the 
problem of a continuous truss. 
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Plastic Flow of Thin Reinforced Concrete Slabs* 
By GEORGE W. WASHAT 


Member American Concrete Institute 


SYNOPSIS 


This paper presents the results of tests on end-supported reinforced 
concrete slabs, 3 in. by 12 in. in cross-section, which were subjected to 
sustained loads for 5 years. The variables included three concrete 
slumps, two water-cement ratios, three span lengths, and two curing 
methods. Total and plastic flow deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains were ob- 
tained. Warp and shrinkage effects were found from auxiliary speci- 
mens. The importance of the plastic flow problem in thin reinforced 
concrete slabs is forcibly emphasized by the large increases in deflections 
and strains that were obtained over a 5-year period. 


INTRODUCTION 


The purpose of these tests was to determine the behavior of thin re- 
inforced concrete slabs under long time loading, and to analyze this be- 
havior in terms of the inter-related factors of warpage, shrinkage, and 
plastic flow. Much work has been done on the plastic flow of concrete 
cylinders, columns and beams, but apparently none on the plastic flow 
of thin slabs of commercial sizes. Because of this lack of data, and be- 
cause of the active interest in the problem evidenced by men engaged 
in the design of reinforced concrete structures, this research program 
was started in July 1941. 


The principal variables in this program were: 


1. Two qualities of concrete with compressive strengths of 2000 and 
3750 psi at 28 days. 


2. Three consistencies for each strength: )4-in., 4-in. and 8-in. 
slump. 


*Received by the Institute April 11, 1947. 
tAssociate Professor of Mechanics, University of Wisconsin, Madison. 
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3. Two curing conditions. All slabs were cured in the molds from 
3 to 7 days. After stripping, half of the slabs were sealed by painting 
with a bakelite lacquer and then with paraffin, while the rest of the 
slabs were sealed on the edges and ends only in order to simulate 
more closely actual field conditions, where only the top and bottom 
surfaces are exposed to the air. 

4. Three span-depth ratios: 70, 50 and 30, with span lengths of 17.5, 
12.5 and 7.5 ft respectively. 


For this program it was necessary to make 32 supported slabs, all 3 x 12 
in. in cross-section, 16 warp slabs, 3 in. x 12 in. x 6 ft, 96 standard 
compression cylinders, and 32 shrinkage prisms, 3 x 3 x 10 in. 


This program was made possible through the financial support of the 
Wisconsin Alumni Research Foundation and the research fund of the 
mechanics department of the University of Wisconsin. This work has 
been carried out in the materials laboratory of the mechanics depart- 
ment at the University of Wisconsin with the help of student N.Y.A. 
assistants. The author is deeply appreciative of the continued interest 
shown in this program by Mr. C. A. Willson, Prof. K. F. Wendt, and 
Dean M. O. Withey. The author also wishes to thank Dean Withey 
for his many valuable suggestions, and Moulton Basford, Clifford Tice, 
Willard Smitz, Melvin Diels, Charles Northrop and others for their help 
in carrying out the tests and for working up the test data. 

MATERIALS 
Sand 

Janesville sand containing about 60 percent quartz and 30 percent 
dolomite was used in all test specimens. Its dry rodded weight was 110 
Ib per cu ft, specific gravity 2.70, voids 33 percent, fineness modulus 2.67. 
Approximately 99 percent passed a \4-in. sieve, 56 percent passed a No. 
30 and 1 percent passed a No. 100 sieve. Its absorption was 0.4 percent 
by weight. 


Gravel 

Janesville gravel consisting largely of dolomitic particles was used in 
all specimens. Its gradation by weight was approximately as follows: 
1 part 4- to %-in., and 1% parts %- to %-in. diameter. The fineness 
modulus of this aggregate was 6.60, dry rodded weight 102 Ib per cu ft, 
specific gravity 2.68, and absorption 1.2 percent by weight. 


Cement 

A single brand of Type I portland cement, used for all specimens, 
had the following properties: initial set 3 hr 15 min, final set 5 hr 30 min; 
fineness, 98 percent passing a No. 200 sieve, autoclave expansion 0.025 
percent, 28-day tensile strength of standard briquettes 465 psi, and 28- 
day compressive strength of standard cubes 5420 psi. 
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Steel 

The reinforcing steel, 34-in. round deformed steel rods of intermediate 
grade, had an average yield point of 49,300 psi, and an average ultimate 
strength of 74,600 psi. 


TEST SPECIMEN VARIABLES 


The important variables in test specimens for this program, shown in 
Table I, include two concrete strengths, three slumps for each strength, 
two methods of curing, and three span-depth ratios. All slabs were 12 
in. wide and 3 in. deep, and were reinforced with %%-in. round deformed 
steel rods of intermediate type placed with /% in. of cover, making d = 
2 5% in. 

In addition to the 32 slabs supported as beams, 16 reinforced warp 
slabs each 12 in. X 3 in. X 6 ft, 32 shrinkage prisms 3 X 3 X 10 in. 
and 96 standard control cylinders were made. 


TABLE 1—VARIABLE FACTORS IN TEST SPECIMEN PREPARATION 
] 





} 
| 
| 
| 


Item Case 1* Case 2* | Case 3* 

Slab designation A. B.C. D, E, F G,H 

f'e — pal 3750 2000 2000 

f. = 0.45 f’. psi | 1687 900 900 

fs — psi 20000 20000 20000 

oh. | 17.5 | 12.5 7.5 

Lt 70 | 50 30 

D 

Reinforcing 4— %in. 2 — %in. 2— in. ¢ 
| 


Wt of slab 
= 39.0 lb/ft 


Wt of slab 
«= 38.3 lb/ft 


Load, slabs on 


Wt of slab plus 
end supports 


superimposed load 
= 105.5 lb/ft 








Slumps — in. 14, 4,8 14,4,8 4,8 
Storage | Air cured Air cured Air cured 
Conditions or sealed or sealed or sealed 
Number of 
__ supported slabs 12 12 8 


*Balanced design for all cases, concrete assumed to carry no tensile stress. Cale ulations based ¢ on n 1941 
ACI Building Code. 
tRatio of length to total depth, 


' 


DESIGN OF SPECIMENS 
Mix design 


All mixes were designed in the laboratory by means of the water-cement 
ratio trial method of proportioning concrete mixes. The proportions 
used, along with other pertinent information are shown in Table II. 


Slab design 
In designing these slabs, the amount of reinforcing steel had to be 
adjusted so that the moment taken by the steel was approximately equal 


to the moment taken by the concrete. The slabs were then made of such 
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TABLE 2—MIX DESIGN DATA 





Design w/e, Slump, in. Proportions 

Slab | strength, by —- by 

psi weight Desired | Actual weight 

A 3750 0.60 8 7% 1:2.40:4.10 
B 3750 0.60 4 3 1:2.80:4.90 
C 3750 0.60 \% a 1:3.40:5.10 
D 2000 0.84 s 814 1:3.60:5.50 
Y 2000 0.84 4 4% 1:4.00:6, 20 
F 2000 0.84 \% 14% 1:4.50:6.60 
G 2000 0.84 4 3% 1:4.00:6.20 
H 2000 0.84 8 7 1:3.60:5. 50 

















} 
| 


a length that the weight of the slab produced the bending moment re- 
quired to develop the maximum allowable stresses in the steel and con- 
crete, except in Case 3 (Table 1) where the slabs were shortened in order 
to obtain another span-depth ratio. In addition to the weight, a uniform 
load of concrete blocks was placed on the slabs in Case 3 to produce 
the required bending moment. All calculations were based on the 1941 
ACI building code. 


MAKING SPECIMENS 


All concrete batches were weighed out at a central mixing plant and 
were delivered to the site of the project in transit mixers. ‘The concrete 
was mixed during the entire transit period of about 15 min. The concrete 
was then hauled about 200 ft to the forms in wheelbarrows. The wet 
mixes were shoveled into the forms and were placed by hand rodding. 
The dry mixes, 44-inch slump, were shoveled into the forms and were 
vibrated. An interna) vibrator was used in making the cylinders and 
prisms, while an external vibrator was used in placing the concrete in the 
slabs. 


All specimens were cured in the molds under damp burlap for 3 days. 
The molds were then removed and half of the slabs and their correspond- 
ing control specimens were sealed by painting with a bakelite lacquer 
and then with paraffin. The remaining slabs were sealed on the edges 
and ends only in order to simulate more closely actual field conditions 
where only the top and bottom surfaces are exposed to the air. The 
control specimens for this group were not sealed. 


TESTING 


General information 

All specimens were kept in the same room in which the temperature 
varied from 70 to 85 F, and the relative humidity from 25 to 70 percent. 
All slabs were placed on their supports, at an average age of 6 days, 
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during July and August, 1941. Readings were taken as soon as the slabs 
had been placed on their supports and additional readings were taken 
every week for the first month and at longer intervals thereafter. 


Control cylinders 

All control cylinders, 6 x 12 in. were kept near the slabs prior to testing. 
They were then brought to the laboratory and were tested to determine 
compressive strengths and moduli of elasticity. Longitudinal strains 
were measured with dial compressometers placed on diametrically 
opposite sides of each specimen. 


Shrinkage prisms 

These prisms, 3x 3.x 10 in. were provided with brass plugs which 
projected out of the ends about 34 in. The shrinkage strains were 
read with 1/10,000th Federal dial in an assembly similar to that used in 
autoclave test measurements. 


Warp slabs 

For each set of two supported slabs one warp slab was made. These 
slabs, each 6 ft long, were supported on their edges at the third points so 
that a minimum resistance to warping was provided. Each time readings 
were taken the slabs were rotated 180 degrees so that they rested on 
alternate edges. 

The warp of the center of the 6-ft slabs with respect to plugs set along 
the center line of the top surface and 2 ft on either side of the center plug 
was measured with a bar and dial arrangement. The bar contacted 
the two end plugs and the dial spindle contacted the center plug. By 
adjusting the dial so that the same reading was always obtained on a 
steel gage bar, the amount of warp at any time was determined by sub- 
tracting the original reading from subsequent readings. 

Strain readings were also taken in the center section of the warp slabs 
V4 in. below the top surface, and in the plane of the steel. Readings were 


taken over a 10-in. gage length with a Berry strain gage on both sides 
of each slab. 


Supported slabs 

Because of space limitations half of the beams were supported about 
2 ft above the floor, while the remaining half were supported about 4 ft 
above the floor. Each beam was end-supported on sections of %4-inch 
steel pipe, which rested in a milled V-notch in a steel plate. This type of 
support was chosen because it offered little restraint to movement of the 
slab. For the slabs at the lower level, the steel plates were placed in a 
bed of mortar on top of two building blocks which were held together 
and to the floor by mortar For the slabs at the upper level, the steel 
plates were fastened to the top of a 4.x 4 in. wood beam that was sup- 
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Fig. 1 ae» ag a “ioe 12 ft 6 in. slabs at rear, Fig. 2 (center) — Supported 7 ft 6 in. slabs, 
and Fig. 3—Supported 17 ft 6 in. slabs (rear) and 6 ft warp slabs at the front 
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ported at its ends by four concrete blocks. The bearing ends of the 
wood beams were placed in mortar, and the four support blocks were 
held together and to the floor by mortar. Fig. 1, 2 and 3 show the various 
beams in position about a year after they were placed on supports. 

For the purpose of measuring deflections, three slotted plugs were 
set in along-the center line of the top surface of each supported slab, 
one over each support and one at the center. <A steel scale, graduated to 
1/100 in., was supported in a vertical position while the lower edge 
rested on the slotted plug and a reading was taken with a surveyor’s 
level. Level readings were taken at each plug, and the deflection of the 
center of the slab with respect to the ends was calculated from the three 
readings. The initial deflection was taken as the deflection of the center 
of the slab from a dead level position and was determined immediately 
after positioning and loading. 

Strain gage plugs were placed on both edges of each slab, 10 inches 
either side of the center of the span, at points 4 in. below the top surface 
of the slab and in the plane of the steel. From the readings taken with a 
20-in. Berry strain gage the strains were determined. 


DISCUSSION OF RESULTS 
General 

Some of the more important variables that were not controlled during 
the manufacture and test periods should be kept in mind when evaluat- 
ing the results obtained. All specimens were kept in the same room but 
no attempt was made to control the temperature or the humidity, with 
the result that the temperature varied between 70 and 85 F, and the 
relative humidity varied from 25 to 70 percent. The higher temperatures 
and humidities were obtained during the summer months. 

All specimens for a given variable, all “A”? specimens for example, 
were made from one batch of concrete mixed en route from the propor- 
tioning plant to the job. The time required to place the concrete in the 
various forms, after arrival of the transit mixer, averaged about 1% hr. 
This relatively long placing time meant that the concrete properties of 
the first placed specimens were not exactly the same as those of the last 
placed specimens. The differences were larger on very hot dry days 
than on cool moist days. 

No tensile cracks were observed shortly after the slabs had been placed 
and loaded, but examination of the slabs after 6 months revealed that 
cracks had opened up over the center half. These cracks grew more 
numerous, and extended closer to the ends of the slabs as the period of 
loading increased. 


Plastic flow deformations as used in this paper were calculated by 
subtracting the strains in the 6-ft warp slabs from the strains at the 








Payee ei i 


bipennate Ponsa woe, 3 


~ Cee Or tad 9 TS a 


Avra 
ae 


ree 


* 
* 
’ 





244 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1947 
corresponding points on the supported slabs. Plastic flow deflections 
as used in this paper were obtained by first calculating the radius of 
curvature of the warp slabs from the observed warp deflections, then 
calculating the warp deflections of the supported slabs by assuming that 
the supported slabs would have the same radius of curvature due to 
warp as the warp slabs, and finally by subtracting the calculated warp 
deflections of the supported slabs from the total observed deflections of 
- the supported slabs. 


Compression tests of control cylinders 


Ultimate compressive strengths and secant moduli of elasticity at 
0.45 f., ‘at 28 days and at 5 years are shown in Table 3. The data in 
this table show that the 28-day compressive strengths were higher 
_ than the design values in all instances. At both ages the sealed cylin- 
ders generally had greater moduli of elasticity than did the dry cylinders. 
The compressive strength at 28 days showed no decided trend, but at 5 
years the sealed cylinders were generally stronger than the dry cylinders. 
The moduli of elasticity showed increases at 5 years in all instances, 
as did also the compressive strengths of all sealed cylinders. The dry 
cylinders did not show any definite trend in compressive strength during 
the period from 28 days to 5 years. 


TABLE 3—COMPRESSION TESTS OF CONCRETE CYLINDERS 

















Ultimate compressive | Modulus of elasticity,* — 
strength, psi 1000 psi 
_ as —— 7 — — —_ 
Specimen Condition —_at at at at 
| 28 days 5 years 28 days 5 years 
A Dry | 4890 4860 3640 4270 
Sealed 4400 4960 3880 4470 
B Dry 4160 3710 | 3990 4320 
Sealed 4610 4700 4190 4525 
Cc Dry 4180 4390 3740 4170 
Sealed 4170 4350 3850 4520 
D Dry 2940 3090 | 3420 3730 
Sealed | 2750 3630 | 3410 4300 
E Dry 2640 2560 3000 3350 
Sealed 2760 3100 | 3400 3770 
F Dry . 2870 2770 | 2780 3170 
Sealed 2550 2850 | 3000 3420 
G Dry 2750 3360 | 3060 3470 
Sealed 2730 3550 | 2920 3820 
H Dry 3390 3540 | 3330 4070 
Sealed | 8060 3860 | 3450 4530 











*Secant modulus of elasticity at 0.45 f’.. 
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Unit strains in supported slabs 

All slabs were manufactured on reasonably level floors and conse- 
quently when these slabs were picked up off the floor and placed on 
end supports the top surfaces of the slabs were put in compression and 
the bottom surfaces in tension. From strain gage readings taken just 
before the slabs were picked up off the floor and just after they had been 
placed on their supports, and additional load applied where necessary, 
the average stress steel for all supported slabs was carefully calculated 
as 14,500 psi. This value is lower than the design value of 20,000 psi 
because the calculations assumed that the concrete carried no tensile 
stress. 

Immediately after each slab was placed on its supports deflection and 
strain readings were obtained. These strain readings were subtracted 
from all future readings and the differences were used to calculate the 


deformation increments. ‘The compressive strains in the top surfaces: 


of all supported slabs increased over the entire period of observation. In 
all cases the compressive strains were much greater in the dry slabs 
than those in the corresponding sealed slabs at any given age. These 
data along with the other summary data are shown in Tables 4-11 in- 
clusive. At 5 years the greatest measured deformation, 0.001970 in. per 
in. was found in the tops of the dry “A” supported slabs. 

The tensile strains in the plane of the reinforcing steel, of all supported 
slabs, showed only a small change during the 5-year period. No con- 
sistent differences between the bottom deformations of the sealed and 
dry slabs were noted. In some instances the initial tensile strain in- 
creased slightly, and in others the initial tensile strain was slightly de- 
creased. The probable reason for the different behaviors of the top and 
bottom portions of the slab during the test is that the effects of shrinkage 
and plastic flow were in the same direction in the top, while they were 
opposite to each other in the bottom of the slab. Consequently the 
compressive strains in the top surfaces increased continually, while the 
tensile strains in the steel generally remained nearly constant. 

Unit strains in warp slabs 

Compressive strains occurred on both surfaces of the warp slabs. The 
compressive strains in the top surfaces of all warp slabs were usually 
greater than the compressive strains in the plane of the steel because the 
reinforcement resisted shrinkage near the bottom, and because the excess 
placement water near the top caused greater shrinkage there. Generally 
the compressive strains in the top surfaces of the dry warp slabs were 
greater than those in the top surfaces of the sealed slabs. The com- 
pressive strains in the top surfaces of most warp slabs increased as the 
time increased, while the compressive strains in the bottom first in- 
creased and then usually decreased. 
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¥ Plastic flow deformation 

Plastic flow deformations, as previously defined, were compressive in 
. the top surfaces of all supported slabs and increased during the en- 
if tire test period. They were also generally greater in the top surfaces 
id of the dry slabs than in the sealed slabs. The top compressive defor- 
. mations were usually greater than the bottom tensile deformations in 


the same slab. The tensile plastic flow deformations in the bottom por- 
if tions of the dry slabs reached their maximum values at an average age of 
about 9 months and decreased after that, while those in the sealed slabs 
reached their maximum values at an average age of 2 years and de- 
creased after that. In this connection it is interesting to note that the 
shrinkage strains increased fairly rapidly to a maximum value and then 
remained constant or decreased slightly. 
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Shrinkage strains in prisms 


Shrinkage strains in the dry prisms increased very rapidly during the 


is early portion of the test period and after about 9 months they usually 

7” showed very little further change. The shrinkage strains in the sealed 
; specimens increased at a slower rate and appeared to reach a nearly 
; constant condition at an average age of 1144 years. The ultimate shrink- ‘ 
i age strains for the dry and sealed specimens were usually not very 

if different. 

i Deflections of supported slabs 
i. The deflections of all supported slabs increased during the entire test / 
if period. The dry slabs had larger deflections during the entire test period 
i" than did the companion sealed slabs. Also the dry slabs deflected at a : 


greater rate than did the companion sealed slabs during the early ages, 
but the sealed slabs deflected at a greater rate during the rest of the test 
period. The greatest deflection obtained after 5 years was 7.42 in. for 
the dry “A” slabs. The average ratio of initial deflection to total de- 
flection at 5 years was approximately 0.32 for all dry slabs, and 0.38 
for all sealed slabs. 


ee ee ee 


Warp deflections 


All 6-ft slabs, supported on their edges, warped during the test period 
because the reinforcement resisted shrinkage near the bottom and also 
because the excess water in the top surface produced greater shrinkage 
there. Generally the dry slabs warped more than the companion sealed 
slabs. The warp deflections of the supported slabs, shown in Tables 
4-11*, were calculated from the warp deflections of the companion 6- 
ft. slabs as previously explained. 
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*Tables 4-12 appear at end of text. 
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Fig. 4—Relation of plastic flow to period of loading 


Plastic flow deflections 


These deflections, shown in Tables 4-11 and Fig. 4, were previously - 
defined as the differences between the total deflections, measured from 
the supported position, and the warp deflections of the supported slabs. 
Fig. 4 shows that the dry slabs had greater plastic flow deflections at all 
ages than the companion sealed slabs, and also that the dry slabs attained 
about 82 percent of the 5 year deflection in the first half-year while the 
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sealed slabs at the end of the first half-year had attained about 43 per- 
cent of their 5-year values. - Generally for slabs of a given span, w/e 
ratio, steel ratio and curing method the greatest plastic flow deflections 
were obtained for the slabs made with the greatest water content and 
least for those slabs made with the lowest water content. The largest 
differences were obtained for the slabs with the longest span. The dry 
“A” slabs had the greatest plastic flow deflection, 3.48 in., at 5 years, 
while the “H”’ sealed slabs had the lowest plastic flow deflection, 0.33 
in., at 5 years. 

When the plastic flow deflections were plotted on log-log paper against 
the period of loading, straight lines for the first part of each curve were 
obtained. This straight line relationship ceased for all dry specimens 
after about 180 days, while for the sealed specimens it persisted for at 
least a year for the “A” slabs and for longer periods for the other slabs. 
The equation of each straight line-was of the form Y = Cx™*. In this 
equation Y is the plastic flow deflection in inches, z is the time in days, 
and C and a are constants. Table 12* presents the values of C and a for 
the various slabs and also the limiting ages for which these constants 
are reasonably correct. 

Relation of plastic flow deflection, concrete slump, 
age, span and storage condition 

Fig. 5 and 6 show the effects of age, span, concrete slump and storage 
condition on the plastic flow deflections. Fig. 5 shows more clearly the 
effect of age, while Fig. 6 shows more clearly the effect of the different 
span lengths. From these figures it may be seen that for similar given 
conditions the dry slabs had greater plastic flow deflections than the 
companion sealed slabs; also for given similar conditions the plastic 
flow deflections increased as the span length increased. Generally the 
plastic flow deflections increased as the concrete slump increased. This 
effect was very pronounced for the longest slabs at ages of 1 and 5 years. 
The plastic flow deflections of the shortest slabs, however, appeared to 
be essentially independent of the concrete slump. 


Relation of plastic flow deflection and L/D ratio 


Fig. 7 shows the relation, at ages of 28 days and 5 years, between 
plastic flow deflection and the L/D ratio for the various slabs tested. 
These curves show again that the dry slabs had greater plastic flow de- 
flections than did the companion sealed slabs, and also that for a given 
L/D ratio and a given method of curing that the plastic flow deflection 
increased as the slump of the concrete increased. From these curves 
it may be seen that the plastic flow deflections increased parabolically as 
the L/D ratio increased. The greatest effect was obtained for the 8-in. 


*Table 12 appears at end of text. 
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. Fig. 6—Relation of plastic flow deflection to concrete slump 


slump concrete slabs that were 5 years old and not sealed. For these 
slabs the plastic flow deflection increased from 0.50 to 3.50 as the L/D 
ratio increased from 30 to 70. 


SUMMARY 


1. After 5 years of sustained loading each supported slab exhibited 
a large number of tensile cracks. 

2. For supported slabs the measured strains in the plane of the steel 
remained about the same for both the sealed and the unsealed, or dry, 
slabs during the entire test period. 
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RATIO OF SPAN LENGTH TO DEPTH (L/D) 
Fig. 7—Relation of plastic flow deflection to ratio of span length to depth (L/D) 


3. The measured deflections and the top compressive strains increased 
in all supported slabs as the time of loading increased, and generally the 
values for the dry slabs were greater than those for the companion sealed 
slabs. 


4. For slabs of a given span, water-cement ratio and curing method, 
the greatest plastic flow deflections were obtained for the slabs made 
with the largest water content. This result was most pronounced for the 
longest span, and least pronounced for the shortest span. 

5. Plastic flow, shrinkage, warpage and weight loss all took place at a 
slower rate for the sealed specimens than for the dry or unsealed speci- 
mens. The ultimate shrinkage and weight loss were about the same 
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for the two curing conditions, but the sealed specimens had higher 
moduli of elasticity and ultimate compressive strengths at 5 years. The 
sealed specimens generally had lower plastic flow deflections and deforma- 
tions. 


6. The maximum average total deflection observed on any of the slabs 
after 5 years of sustained loading was 7.42 in. The slabs having this de- 
flection (“A3” and “A4’’) had a span of 171% ft, were not sealed, and 
were made with concrete having a design strength of 3750 psi and an 8-in. 
slump. This total deflection of 7.42 in. was considered as being made up 
of three component deflections, initial of 2.49 in., warp of 1.45 in., and 
plastic flow of 3.48 in. In comparison with these values, the companion 
sealed slabs (‘‘A1” and ‘‘A2’’) had a maximum average total deflection 
after 5 years of 5.92 in. The component deflections for these slabs were, 
initial of 2.02 in., warp of 1.24 in., and plastic flow.of 2.66 in. 

7. The average ratio of initial deflection to total deflection after 5 
years of sustained loading was about 0.32 for the dry slabs, and 0.38 for 
the sealed slabs. 

8. The dry slabs obtained about 82 percent of their 5-year deflections 
in the first half-year of sustained loading, while the companion sealed 
slabs obtained about 43 percent of their 5-year deflections during the same 
period. 

9. Plastic flow deflections for both curing conditions increased as the 
ratio of span length to depth of slab increased. The rapid rise in the de- 
flection with an increase in the L/D ratio suggests that design specifica- 
tions should provide proper restrictions regarding the maximum values 
of this ratio. 


10. Because the compressive concrete strains have been increasing 
steadily due to plastic flow and shrinkage, the question of what consti- 
tutes a safe working stress arises. These high strains along with the 
large deflections, both still increasing after 5 years of sustained loading, 
should caution against any further general increases in allowable design 
stresses. ' 
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TABLE 4—SUMMARY DATA—"A" SPECIMENS 








Age 
7 28 6 1 3 5 
days days months year years years 
Deflection (in.) 

Dry specimens 
NR 5 asic ask scm 3.50 4.40 6.45 6.71 7.20 7.42 
SITS CR gee 2.49 2.49 2.49 2.49 2.49 2.49 
EET EIN FO 1.01 1.91 3.96 4.22 4.71 4.93 
ES SATE Ae ae eet 0.15 0.41 0.96 BP 1.45 1.45 
Peeste flow............5..- 0.86 1.50 3.90 3.05 3.26 3.48 

Sealed specimens 
eA sh. alors ois wae 2.50 2.90 4.07 4.93 5.75 5.92 
SI Le ocd sam orale tebe cad 2.02 2.02 2.02 2.02 2.02 2.02 
RMN SE a She's esa 6: 0h6.s ack 0.48 0.88 2.05 2.91 3.73 3.90 
MG EP tiek os oo a yw ekeaee 0.06 0.21 0.67 0.92 1.24 1.24 . 
PN SIO 65. 58. ie Stok o's oe 0.42 0.67 1.38 1.99 2.49 2.66 

Strain* (millionths in. /in.) 

Dry supported slab ; 
| Ep Re ee 320 720 1560 1730 1890 1970 
ER ere 40 20 35 —25 0 15 

Dry warp slab 
| Ee SID See E 180 410 870 980 990 990 
ESE Se Sere et 135 245 340 335 280 225 

Plastic flow 
METS 55 Nica 4 abies Oe 140 310 690 750 900 980 
RS aid cd joins 3d —-95  -—225 -305 -360 -—280 -—210 

Sealed supported slab 
Mes eos a5 oe dS cto ss 200 390 915 1320 1600 1670 ‘ 
RDS. ir, Scns op cass 0 —70 15 15 —60 —45 

Sealed warp slab 
Nay a a thane 56 b.0Nelerae 70 180 520 765 895 900 
ELA tec Wo ke bela en 55 120 270 305 290 275 

Plastic flow 
ERE rN erer 130 210 395 555 705 770 
Se eee —55 -190 -255 -290 -350 -—320 

Shrinkage (millionths in. /in.) 
RS Eee 70 220 445 470 480 490 
Ne 555% pcal Anche tank 10 105 380 475 480 490 








*Compressive (+-), tensile (—). 
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Deflection (in.) 
Dry specimens 


a it ik ay sca 9 


are 


Sealed specimens 


a 


TT 


Strain* (millionths in. /in.) 
Dry meerad slab 
Top.. 


Dry warp slab 


EF iia Stas oe a8) 
MII es sow ene pee 


Plastic flow 


ree 


Bottom. . 


Sealed supported ae. a 


Top. 
Sealed warp slab 


METS a's Os love 5.44 05% | 
RT ee sin ga 9 dex 


Plastic flow 


Suey REE ERS Rei ie 


Shrinkage (millionths in. /in.) 


eS ee eee 
a Ae ae 





*Compressive (-+-), tensile (—). 
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OOO Se aan 
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23 
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.73 


18 


ROR Ww 


.08 
46 
0.62 
0.06 
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bo 


730 
25 
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165 


450 


—140 
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10 
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70 
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100 


oor K te Nero 


q 


year 


4.92 
1.50 
3.42 
1.30 
2.12 


3.02 
1.46 
1.56 
0.66 
0.90 


1360 
35 


605 
290 
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years 
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00 
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.58 
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TABLE 6—SUMMARY DATA—"'C" SPECIMENS 
| Age 
| 7 28 6 1 3 5 
| days days months year years years 
KS - a | - — — — - — —— — 
Deflection (in.) 
Dry specimens 
EE lune cuseecns | 2.60 3.28 4.57 4.74 5.20 5.33 
NET 60s sxCidaweets Be Geek gee gee ae ae 
NS ns tA raksannee | 0.93 1.61 2.90 3.07 3.53 3.66 
os aay | 0.21 0.52 1.15 1.28 1.42 1.38 
ON Se eee 0.72 1.09 1.75 1.79 2.11 2.28 
Sealed specimens 
SSR eee, ats 2.32 2.98 3.49 4.30 4.54 
6 n fiana oe dp knew knal 2 ee 1.72 1.72 1.72 1.72 1.72 
A eer © | 0.38 0.60 1.26 1.77 2.58 2.82 
| Sa ere a 0.13 0.55 0.86 1.47 1.50 
; Plastic flow...... bo ace ie 34e SOe 0.47 0.71 0.9) 1.11 1.32 
; Strain* (millionths in. /in.) 
' Dry supported slab 
: A SE See 260 520 1060 1180 1260 1270 | 
EES, ogee hap St | -—30 -85. -9 -100 —100 —100 
q Dry warp slab 
RORY a 18( 370 890 1000 1035 1040 
IE OE OE 15 50 100 95 60 30 
Plastic flow 
' Brink 165 hc Where a tece a | 80 150 170 180 225 230 
: PE a —105 —190 —195 — 160 —130 
Sealed supported slab 
‘ NE aa ce Vis bun eae 6 140 195 460 705 970 1030 
NN ict lies ase | —-§ -10 -30 -9 -% = : 
: Sealed warp slab 
’ ES Oe eee 5 25 150 280 540 560 
AROS cerrerere | 10 20 140 225 220 160 
Plastic flow 
EN ES Nena eae = 135 170 310 425 430 470 
Ee ree —15 —30 —170 —255 —250 —190 
Shrinkage (millionths in./in.) | 
TRA SA anor 90 190 450 455 460 460 
_ -_ {epee 5 10 320 365 380 390 
*Compressive (+), tensile (—). 
k 
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TABLE 7—SUMMARY DATA—"D" SPECIMENS 
Age 
7 28 6 1 3 5 
days days months year years years 
Deflection (in.) 
Dry specimens 
Dahle ed's Wala den aa ob. 1.57 2.02 2.88 3.00 3.28 3.28 
Bde, sos 6c sees ecieis 1.28 1.28 1.28 1.28 1.28 1.28 
ogy RW apivas bus a'e'e b 0.29 0.74 1.60 1.72 2.00 2.00 
ais cae be oe ket 0.07 0.14 0.28 0.35 0.44 0.44 
Plastic flow Rohde wha 444.5 0.22 0.60 1.32 1.37 1.56 1.56 
mee specimens 
MES 25 ox 5 5k cos ves 00s 1.05 1.14 1.42 1.68 2.09 2.18 
SES ee 0.88 0.88 0.88 0.88 0.88 0.88 
RSE Peete 0.17 0.26 0.54 0.80 1.21 1.30 
ESSER IETS: 0.03 0.08 0.12 0.15 0.25 0.28 
re G.14 0.18 0.42 0.65 0.96 1.02 
Strain* (millionths in. /in.) 
Dry supported slab 
oS ee 260 580 1280 1350 1500 1570 
MR odich 66% 0s 5000s 40 60 10 15 25 25 
Dry warp slab 
MERTAR Gots ks ss wedi 240 420 700 750 740 690 
Bottom. . 230 360 530 570 545 510 
Plastic flow 
ec a Aii 20 160 580 600 760 880 
De eee -—-190 -300 -—520 -555 -—520 —485 
— supported slab 
Oe Sa ge 90 200 460 700 980 1040 
Bottom OR 55) sais iaresin 20 —20 —50 —60 —55 —35 
Sealed warp slab 
MBER Dias 5 o's hoa babiatere 20 50 280 500 640 680 
tities 6 aos 0 a.0-0 8 60 140 300 430 505 480 
Plastic flow 
be A Daeie hbisc odo 45.0000 § 70 150 180 200 340 360 
TEP anced alu ca vale os —40 — 160 —350 —490 —560 —515 
Shrinkage (millionth i in. /in.) 
MERE OD. 5u.ble's. 6:3 bie v1. 140 270 440 455 470 470 
nck doh gd e's 000s see 60 150 440 520 520 520 








*Compressive (+), tensile (—). 
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TABLE 8—SUMMARY -DATA—"E” SPECIMENS 


—_ 





Age 
7 28 6 1 3 5 
days days months year years years 
Deflection (in.) 
Dry specimens 
DBs Shwe a nde uoe ee 1.10 1.55 2.27 2.42 2.58 2.65 
ee aig a 5 keerass a 0.81 0.81 0.81 0.81 0.81 
See er + | 0.29 0.74 1.46 1.61 1.77 1.84 
| ert eee | ©. 0.22 0.38 0.46 0.53 0.56 
ee 0.17 0.52 1.08 1.15 1.24 1.28 
Sealed specimens 
ee ecco te gc sree 1.00 1.08 1.37 1.63 2.12 2.23 
Initial. ..... ac miata, 0.88 0.88 0.88 0.88 0.88 0.88 
RE ere | OZ 0.20 0.49 0.75 24 35 
Warp. .... S cus aes Oe ee 0.08 0.20 0.25 0.33 0.33 
Plastic flow... ee ee 0.12 0.29 0.50 0.91 1.02 
) Strain* (millionths in. /in.) 
Dry supported slab 
Oa ae Pee 240 520 1100 1210 1330 1370 © 
Bottom. .... Eads ; 30 10 —70 —90 —85 — 50 
ye Dry warp slab 
Top..... ab PER Be ee ; 110 280 545 630 630 610 
Bottom...... Cf aga 70 200 400 380 275 275 
H Plastic flow 
a re oo es ea ae 130 240 555 580 700 760 
OS ‘- —40 —190 —470 —470 — 360 — 325 
Sealed eatnianly slab 
Top.. i aos sia ace 110 220 560 850 1150 1200 4 
Bottom. ........ ree 5 —5 —55 —85 —85 —50 
Sealed warp slab 
NER ae 30 60 180 325 455 490 
Bowtom...... ey > 5 15 110 205 280 250 
Plastic flow 
MSIE Ss. w'v.achvcn 6 5.0% ok 80 160 380 525 695 710 
SS Oe ae: 0 —20 — 165 — 290 —365 — 300 
Shrinkage (millionths in. /in.) 
es 130 260 440 440 400 370 
a ERE RG Re 60 110 380 510 485 380 








*Compressive (+ +), tensile (—). 
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TABLE 9—SUMMARY DATA—"F" SPECIMENS 














Age 
7 28 6 1 3 5 
days days months year years years 
Deflection (in.) 
Dry specimens 
ERE ES> slduinale'vs sxe 1.55 2.05 2.85 2.99 3.22 3.28 
RELA I 1.17 | ey ! 1.37 sD yj 1.17 1.17 
ih ld oc. iho ose 8 when 0.38 0.88 1.68 1.82 2.05 = 11 
eee Oak's Gs 68 0.22 0.40 0.69 0.75 0.90 0.95 
Plastic flow AURA SW Siasale< 0.8 0.16 0.48 0.99 1.07 1.15 1.16 
specimens 
EE ais 6, vc dgs 405 onc 1.33 1.43 1.80 2.13 2.72 2.83 
RE Gans 3. 6B Wad. > ob 1.19 1.19 1.19 1.19 1.19 1.19 
TLS io cdES bu bce 0.14 0.24 0.61 0.94 1.53 1.64 
SS eae 0.09 0.15 0.32 0.36 0.54 0.64 
Plastic flow.............. 0.05 0.09 0.29 0.58 0.99 1.00 
Strain* (millionths in. /in.) 
Dry supported slab 
MUNMMEN s bs kos cas sad 320 680 1380 1510 1620 1665 
| ESTA 20 0 —-125 -140 -115 —-115 
Dry warp slab 
ae 60 230 740 790 800 800 
EE fe sds bac & ns 20 60 210 170 165 165 
Plastic flow 
eg da oa 5 i nas 260 450 640 720 820 865 
SS ee ee 0 -—60 -—335 -310 -280 -—280 
Sealed supported slab 
Me Sates Sab b.0 vic 90 190 400 800 1120 1220 
a esd fal og 6d pa 5s 5 0 —40 —65 —55 —30 
Sealed warp slab 
Top..... 15 45 125 260 470 580 
ERED RESP 5 10 90 160 315 330 
Plastic flow 
ae 75 145 275 540 650 640 
RESET 0 -10 -—-130 -—225 -370 —360 
Shrinkage (millionths in. /in.) 
DCs Sk la 0 05 00 80 160 300 375 470 465 
Ags sa ae oss which bac 20 85 360 375 355 320 








*Compressive ( +-), tensile (—). 
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TABLE 10—SUMMARY DATA—"G" SPECIMENS 

















Age 
7 28 6 1 3 5 
days days months year years years 
Deflection (in.) 
Dry specimens 
a ae 0.34 0.48 0.79 0.83 0.91 0.93 
es Cen aced emia 0.24 0.24 0.24 0.24 0.24 0.24 
ES Ses. c.agd b Giese d 0.10 0.24 0.55 0.59 0.67 0.69 
Rs bn od see ane en ae 0.06 0.10 0.14 0.17 0.19 0.19 
lak os oss sian 0.04 0.14 0.41 0.42 0.48 0.50 
Sealed specimens 
SR Sige: k5. sci cu Ke Peed 0.28 0.32 0.45 0.54 0.64 0.68 
hs wan ad toh hae 0.21 0.21 0.21 0.21 0.21 0.21 
Tyo Ol aes oan 0.07 0.11 0.24 0.33 0.43 0.47 
Sess 0 0.01 0.06 0.09 0.12 0.12 
SRT x vad pa 06 06 0.07 0.10 0.18 0.24 0.31 0.35 
Strain* (millionths in. /in.) 
Dry supported slab 
a NEL ay abe has 240 520 1130 1220 1330 1400 
EE re ty a eens 70 80 45 105 110 120 
Dry warp slab 
EE Kaan ie wabikes wine 185 345 730 800 790 780 
REE RC AIRE ap 130 260 480 505 480 435 
Plastic flow 
Ee 55 175 400 420 540 620 
SE ey Lee —60 -180 -435 -400 -370 -315 
Sealed supported slab 
EES Pi Se 80 170 560 820 1120 1220 
Ee Ee ee ee 15 15 —60 —95 —70 —20 
Sealed warp slab 
edd ce catia sos te 70 125 330 460 540 580 
ERE ne Saree: 20 30 160 225 260 260 
Plastic flow 
i Dh takeenbe 6a 10 45 230 360 580 640 
hea a bs 3 9 —5 —-15  -—220 -—320 -330  —280 
Shrinkage (millionths in. /in.) 
MPEL OA a's kaw nh eatae 175 250 380 430 420 395 
SS Se ee ee 30 120 355 410 405 350 








*Compressive (+), tensile (—). 
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TABLE 11—SUMMARY DATA 
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Deflection (in.) 
engmenens 


Plate flow 


Plastic flow.............. 
Strain* (millionths in. /in.) 
supported slab 


re 











7 
days 


120 
45 


28 
days 





ossss oosss 
SESEH SESS 


6 


1 


months year 


-O-NS -oft- 
-aooan 


esses scssse 
2 Se 0 Sm 


a 
ae 
ss 


595 
385 


455 
—315 
435 
—35 
160 
35 
275 
—70 


340 
855 





*Compressive (-+-), tensile (—). 


0.81 
a 

0.53 
0.11 
0.42 


0.51 
0.26 
0.25 
0.08 
0,17 


365 
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—"H" SPECIMENS 


0.89 
0.28 
0.61 
0.13 
0.48 


0.63 
0.26 
0.37 
0.09 
0.28 


1240 
100 


605 
365 


635 
— 265 


880 
20 


460 
115 


420 
—95 


380 
_ 370 


TABLE 12—VALUES OF C AND a FOR SLABS 








Dry slabs 
No. Cc a 
A 0.40 2.50 
B 0.40 3.00 
C 0.40 3.20 
D 0.14 2.25 
E 0.14 2.45 
F 0.14 2.60 
G 0.01 1.30 
H 0.03 1.85 


Limiting || No, 

age, years 
0.5 A 
0.5 B 
0.5 y 
0.5 D 
0.5 1D 
0.5 ty 
0.5 t 
0.5 H 











Sealed 


( ” 


0, 


17 


0. 25 
0.21 
0.04 
0) .02 
0.01 
0.04 
0.02 


slabs 


a 


2.40 


4.15 


2.10 
1.85 
1,50 
3.40 
2.70 


Limiting 








————_ 


years 


0.93 
0.28 
0.65 
0.13 
0.52 


0.68 
0,26 
0.42 
0.09 
0.33 


1280 
140 


605 
320 


675 
—180 


915 
30 


480 
120 


435 
—90 


380 
370 | 


age, years 
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44th Annual Convention—Denver, Feb. 23-26 


As this News Letter goes to the printer complete program plans for 
the Denver Convention have not yet “jelled”’ so that the final program 
‘an be announced. Present indications are, however, that there will be 
full technical sessions of timely and interesting subjects. The skeleton 
program was published on p. 5 in the October News Letter beginning 
with registration on Monday morning Feb. 23 and closing with inspection 
trips on Thursday, Feb. 26 the last technical session being Wednesday 
evening. Included in the technical sessions will be papers on the follow- 
ing: studies of lightweight aggregate; bituminuous admixtures; pre- 
fabricated concrete; possibly something on low-cost housing or pre- 
fabricated construction development; repairs to Barker Dam; messure- 
ment of stress in reinforcing steel; steel stresses in reinforced concrete 
beams; test of a massive rigid frame; and cooling mass concrete by 
embedded pipes. There will be an entire session devoted to the resistance 
of concrete to destructive agencies led by Roderick B. Young with papers 
in prospect by T. E. Stanton, C. H. Scholer, G. M. Magee, Ruth Terzaghi, 
C. Gliddon and K. B. Woods. 

Another session will be devoted to a symposium, “What Has Been 
Learned about Concrete in the Past 25 Years’ a subject inspired by 
an editorial by Frank Wight in Engineering News-Record in 1923. 

A tour of the Bureau of Reclamation Laboratories, will follow a 
buffalo barbecue lunch at the Denver Federal Center Tuesday noon. 

On Thursday, the last day, there will be a field inspection trip of 
Bureau of Reclamation construction work on the Colorado-Big Thompson 
Project, and an alternate trip to Army Engineers’ construction on Cherry 
Creek Dam. 

As a departure from past years there will be exhibits by producers, 
manufacturers and others in the headquarters hotel. The layout of the 
exhibit room appears on the inside back cover. 

Hotel reservations—while probably ample——are not unlimited and 
those planning to attend the convention should make reservations as 
early as possible. 


Requests for reservations should be addressed to: 
P. J. Allen, Reservations Committee 
ACI 1948 Convention Headquarters 
519 17th Street 


Denver, Colorado 
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HOTEL ACCOMMODATIONS—1948 DENVER CONVENTION 

















Rooms with Bath 
No. Rooms -- Distance from 
Hotel Available *Single Double Headquarters 
Shirley Savoy 75 $2.50 and up| Dbl. bed $2.50 and $3.50 Headquarters 
Twins $3.50 on court 
Twins $6.00 outside 
2 connecting 
for 3 to 4 
persons $8.00, $9.00 & $10.00 
Brown Palace 50 $4.85 and up| $7.70 and up 1 block 
Cosmopolitan 75 $4.50 and up| $7.50 and up 1 block 
Albany 40 $3.00 and up| $5.50 and up 5 blocks 
Argonaut 25 $3.50 and up| $5.00 and up 5 blocks 
$8.00 and up—triples 
Auditorium 25 $3.00 and up| $4.00 and up 8 blocks 
Cory 5 none $4.00 and up 1 block 




















*Due to the crowded conditions of the Denver hotels, only 10 percent of rooms will be assigned as singles. 


ACI Regional Meetifg in Birmingham 


The first regional meeting of the Institute, which it is hoped will be the 
forerunner of more, was a decided success. The meeting opened with a 
luncheon Monday noon, October 6, where all ACI Members and guests 
were welcomed by the Honorable W. Cooper Green, mayor of Birming- 
ham. After a most sincere welcome, Mayor Green gave an interesting 
description of his recent European visit as one of three United States 
mayors appointed by Secretary Marshall to attend the International 
Conference of Mayors in Paris this past summer. 

Monday afternoon was devoted to a technical session at which two 
papers were presented. One entitled “Economy in Structural Design” by 
I. E. Morris was read by John Callaway. Mr. Morris described the re- 
sults of design studies made about 3 years ago of 5 types of floor system 
framing which, when compared as to cost based on contractor’s present 
day estimates, indicated that the “slab-band” system provided decided 
savings in framing cost as well as less tangible savings in reduced floor 
heights, better conditions for running piping, conduit, etc. 

A discussion of the paper by A. J. Boase was read in his absence by 
H. F. Gonnerman. Extemporaneous discussion, often sluggish at the 
more formal annual ACI conventions, had a spontaneity which was re- 
freshing. This spontaneity was characteristic of the entire Birmingham 
meeting. 

The second paper of the afternoon by Arthur P. Clark, Research 
Associate of the American Iron and Steel Institute Research Fellowship 
at the National Bureau of Standards, entitled ‘Bars and Bond’’, dealt 
briefly with the history of reinforced concrete and then went on to out- 
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line work more recently done in research on the subject of bond. Mr. 
Clark also mentioned the continuing studies that are underway. In the 
discussion following it was revealed that the results of these studies may 
well revise the provisions for bond in design requirements, and that ACI 
Committee, 208, Bond Stress, is closely following these studies, awaiting 
the results before considering revised recommendations for design re- 
quirements. Architects and engineers should rest assured that the 
use of the information will not lag far behind the research. 


Monday evening a reception for all members and guests was followed 
by a dinner meeting at which H. P. Bigler introduced ACI officers and 
Board members present. The speaker of the evening, J. B. Converse 
of Mobile, gave an excellent talk on the industrial development of the 
South, describing its past progress and the expected growth in the future. 


At 9:00 o’clock Monday night interested members and guests made a 
tour of the Connors Steel Co. plant to observe the manufacture of steel 
and the operation of the rolling mill where reinforcing bars were being 
rolled from rail steel. 


The Tuesday morning technical session consisted of 3 informal talks: 
Stanton Walker spoke on ‘Concrete Aggregates” touching the high 
spots of a more extensive lecture. 


Roy W. Crum outlined the problems of “Highway Research.”’ Most 
of Mr. Crum’s remarks were based on questions drafted by him twenty 
years ago when setting up a research program. ‘The answers to most of 
the questions are still being sought; subjects have remained the same 
except that one has been added—air entrainment. 


Probably the highlight of the program was Frank H. Jackson’s talk on 
his recent visit to Europe to study the German aulobahnen. Mr. Jack- 
son’s talk was informal and off the record but it seems that the informa- 
tion gathered will be of considerable value to engineers and highway 
departments in this country in the improvement of our concrete roads. 


Adjournment followed a luncheon Tuesday noon at which Dr. C. R. 
Freberg, Director of Engineering of the Southern Research Institute, 
described that new organization and its activities. Sponsored by southern 
industry it is set up to undertake all manner of industrial research and 
is already self supporting. 

At the close of the luncheon President Walker called a special meeting 
of the Board of Direction. Vice President Gilkey offered an enthusiastic 
resolution of thanks to Mr. Bigler and his local committee and all those 
who had participated in organizing and carrying through to such success- 
ful conclusion the Institute’s first regional meeting. It was seconded 
and adopted without dissent by a rising vote. 








SFE 
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WHO'S WHO in this JOURNAL 





Robert H. Sherlock and Adil Belgin 


co-authors ot “Protection of Electric 
Strain Gages in Concrete,” p. 189, this 
month make their first appearance in the 
JOURNAL. 

Professor Sherlock, who received his 
B. S. degree in civil engineering from 
Purdue University in 1910, served with the 
American Bridge Company, Toledo, Ohio, 
some eleven years before going to the 
University of Michigan. He was assistant 
professor, associate professor and is now 
professor of civil engineering there. 


An ACI Member since 1927, he also is a 
member of Sigma Xi, Tau Beta Phi, Phi 
Kappa Phi, A.S.C.E., Engineering Society 
of Detroit and A.S.E.E. Professor Sher- 
lock has written extensively for profes- 
sional and technical publications, largely 
concerning anemometers, wind currents, 
gusts and the resulting load on structures. 

Adil Belgin received his engineering 
diploma from the Technical School, 
Istanbul, Turkey, in 1943 and an M. S. in 
engineering from the University of Mich- 
igan, 1946. From June 1943 to April 
1945, he engaged in public construction 
work and assisted with instruction at the 
Technical School, Istanbul. Mr. Belgin 
is now studying for a doctor’s degree at 
the University of Michigan. 


Richard C. Mielenz, Kenneth T. 
Greene and Elton J. Benton 


are co-authors of “Chemical Test for Re- 
activity of Aggregate with Cement Alka- 
lies; Chemical Processes in Cement- 
Aggregate Reaction” found on p. 193 
of the November Journat. ACI Mem- 
bers Mielenz and Greene will be remem- 
bered by readers of the October issue as 
collaborators with Duncan McConnell and 
William Y. Holland in the paper ‘““Cement- 
Aggregate Reaction in Concrete.” 


Richard C. Mielenz, an ACI Member 
since 1945 makes his third appearance as a 
JourNAL author. Since receiving his 


Ph.D. from University of California 
(Berkeley) in 1940 Doctor Mielenz has 
worked as a geologist for the Standard 
Oil Co. of California and for the U. 8. 
Bureau of Reclamation. 


Kenneth T. Greene received his bach- 
elor’s degree from New York State College 
of Ceramics, Alfred, and a doctor’s degree 
fram Rutgers University, New Brunswick, 
New Jersey. He was associated with the 
Portland Cement Association Fellowship 
at the National Bureau of Standards as 
research chemist from 1940-45. Doctor 
Greene joined the staff of the Petrographic 
Laboratory of the U. S. Bureau of Recla- 
mation in 1945 and became an ACI Mem- 
ber this year. 


Elton J. Benton attended Western State 
College of Colorado and graduated in 1938 
with a degree in chemistry. In 1942 he 
joined the staff of the U. S. Bureau of Re- 
clamation and participated in the physical- 
chemical investigations of concrete aggre- 
gates begun at that time. During 1944 
and 1945 Mr. Benton served in the U.S. 
Navy as technician in electronics, seeing 
action at Okinawa. He returned to the 
Petrographic Laboratory early in 1946, 
and since that time has been engaged in 
continuing research on aggregates, con- 
crete, cement admixtures and other en- 
gineering materials. 


John E. Goldberg 


author of “Analysis of Two-Column Sym- 
metrical Bents and Vierendeel Trusses 
Having Parallel and Equal Chords,’’ p. 
25, was an engineering graduate of 
Northwestern University in 1930, and 
received his C. E. degree there in 1931. 
Mr. Goldberg held technical positions suc- 
cessively with the Division of Highways 
of the State of Illinois; U. 8S. Engineer 
Office, Chicago; Department of Public 
Works, City of Chicago; and Department 
of Buildings, City of Chicago. He has 
written papers dealing with frame analysis 
and wind stress distributions for various 
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technical publications; a previous Jour- 
NAL contribution was “Natural Period of 
Vibration in Building Frames,’’ September 
1939. 

Mr. Goldberg recently left the position 
of structures engineer with Consolidated 
Vultee Aircraft to become an assistant 
professor of mechanics at Illinois Institute 
of Technology, Chicago. 


George W. Washa 


whose paper “Plastic Flow of Thin Rein- 
forced Concrete Slabs” appears on p. 
237 of this month’s JouRNAL is the author 
of several previous JouRNAL contributions. 
He was awarded the Wason Medal for 
Research in 1940 for his paper ‘“Compari- 
son of the Physical and Mechanical Prop- 
erties of Hand Rodded and Vibrated Con- 
crete Made with Different Cements.” 
Professor Washa was born in Milwau- 
kee, Wisconsin, in May 1909; was gradu- 
ated from the University of Wisconsin in 
1930 with the bachelor of science degree in 
civil engineering; in 1938 received the de- 
gree of doctor of philosophy from the same 
institution. He has engaged actively in 
research work on concrete for some years, 
and is now assistant professor of mec- 
hanics at the University of Wisconsin. 


Myron A. Swayze appointed director 
At its annual fall meeting, Oct. 6 and 7 
the Board of Direction appointed Myron 
A. Swayze, Director of Research, Lone 
Star Cement Corp., New York, to succeed 
the late Roy R. Zipprodt as Director, 
Second District. Mr. Swayze was pre- 
viously a member of the Board in 1944-45 
and is at present a nominee for a three 
year term as Director. He has been a 
member of the Institute since 1923. 


Erratum 

The October News Letter, in publishing 
the report of the 1947 Nominating Com- 
mittee, was in error in designating vice 
presidential nominee Frank H. Jackson as 
Senior Engineer of Tests, U. 8. Public 
Roads Administration. Mr. Jackson is 
Principal Engineer of Tests, a position he 
has held for a considerable time. 
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New Members 





The Board of Direction approved 55 
applications (35 Individual, 3 Corporation, 
8 Junior, 9 Student) received in September 

The membership total on October 1, 
1947, after adjustment for a few losses by 
death, resignation and for non-payment of 
dues, was 3569. 


Individual 

Allwright, Ek. G., P. O. Box 144, Camp- 
bellton, N. B., Canada 

Atkinson, James L., 8109 Service Detach., 
Eng’r Service Detach., APO 707, ¢/o 
P. M., San Francisco, Calif. 

Barrett, Frank J., 903 Seaboard Bldg., 
Seattle 1, Wash. 

Bennett, Stuart B., 2234 Davidson Ave., 
New York 53, N. Y. 

Birman, Max, c/o White Construction 
Co., Inc., 95 Madison Ave., New York 
16, N. Y. 

Bowers, Raymond A., Lewis C. Bowers & 
Sons, Inc., 180 Nassau St., Princeton, 
mM. 3. 

Bristow, J. C., Transit-Mix Concrete Co., 
1533 Moseley St., Owensboro, Ky. 

Cherniavsky, Isaac, Abarbanel St., 11-B, 
Jerusalem, Palestine 

Clark, Ek. F. J., 803 Northern Ontario 
Bldg., 330 Bay St., Toronto, Ont. 

Crisci, Domenik, Edificio Montreal-ls- 
quina  Perico-Oficina No. 5, Caracas, 
Venezuela 

Dalmasy, Juan Manuel Valdes, Calle 19 
de Marzo No. 31, Ciudad Trujillo, 
Dominican Republic 

Day, W. H., Jackson Ready-Mix Con- 
crete, P. O. Box 1023, Jackson, Miss. 

Downs, L. Vaughn, U. 8. Bureau of Re- 
clamation, Coulee Dam, Wash. 


Dunlap, Leonard E., 333 N. Michigan 
Ave., Chicago 1, Il. 

Fee, Charles R., 6779 River Rd., Cin- 
cinnati 33, Ohio 

Fox, Richard B., Dept. of Architecture, 
Pennsylvania State College, State Col- 
lege, Pa. 





ACI NEWS LETTER 7 


Horton, Herbert W., 474 Lakeview Ter- 
race, Webster, N. Y. 
Johnson, Virgil H., 
Construction Co., Salina, Kans. 
418 


Johnson-Sampson 


Large, Joseph G Loretta 
Seattle 2, Wash. 

Layton, Shirley T., Florida Power & Light 
Co., P. O. Box 3100, Miami 30, Fla. 
Linville, F. A., W. D. Civilian, ¢/o Manila 

Engr. Dist., ¢ 


Rane 
Place, 


o Weihe, Frick, & Kruse, 


APO 900, c/o Post Master, San Fran- 
cisco, Calif, 
Morris, I. I., 151'5 Nassau St. N. W 


Atlanta, Ga. 

Nivas, H. K., 
No. 5, Serpentine Road, Patna, Binar, 
India 

Omsted, Harald, J. M. Montgomery & 
Co., 306 W. 3rd St., Los Angeles 13, 
Calif. 

Parker, James J., 
ford, Ore. 


Superintending Engineer, 


10 N. Riverside, Med- 


Sartori, Romano, American Gas & Electric 
Co., 30 Church St., New York, N. Y. 
Sealey, edgar A., ¢/o Elder, Smith & Co. 

Ltd., Box 387 A, G. P. O., Adelaide, 5. 

Australia 
Shannon, William L., 

Waltham 54, Mass. 
Stein, I 


Va. 


12 Brookfield Road, 


I1., 156 Kruger St., Wheeling, W. 


Thornley, B. K., Jr, P. O. Box 1295, 
Charlotte 1, N.C. 
Tsagaris, Dean P., 3004 Fountain Parle 


Blvd., Knoxville, Tenn. 
Vail, Kenyon C,, 811 Larimer St., Denver 
4, Colo. 
Waite, Charles E., Division of Highways, 
1200 N. Center St., Stockton, Calif. 
Wakeman, Ralph A., 3801 W. St. N. W., 
Washington, D.C. 
Walker, Charles R., 
bridge 39, Mass. 


86 Westgate, Cam- 


Corporation 


Bradley Washfountain Co 
Wis. (11. G. Mullett) 


, Milwaukee 1 


Collinwood Shale Brick & Supply Co., 
16220 Saranac Rd., Cleveland 10, Ohio 
(Vanus C, Savage) 

Super Concrete Corporation, 3056 K St., 
N. W., Washington 7, D. C. (Murray 8. 
Simpson) 


Junior 

Cain, Craig J., 109 N. Elmhurst Ave., 
Mount Prospect, Il. 

Dubetz, Stephen, 1159 Murray Ave., 


Akron 10, Ohio 

Job, tichard D. E., 361 Porter St. N. E., 
Warren, Ohio 

McCalley, Robert B., Jr., 
West Ave. Temp Dorm, 
versity, Ithaca, N. Y. 


Room 3-340, 
Cornell Uni- 


Quillian, Hugarwayne, P. O. Box 68 


Daytona Beach, Fla. 
Ramey, William Dean, Engineering Bldg. 
173, University of Texas, Austin, Texas 
Scheeff, William John, 3950 W. 157 St., 
Cleveland 11, Ohio 


Slankus, H. K., 71 Cholmley Gardens, 


London, N. W. 6, England 


Student 


Anderson, Allan D., 
Colgate, Wis. 


Route 1, Box 91, 
Bennett, Richard P., D-920 E. 50th Ave., 
McLoughlin Hts., Vancouver, Wash. 
Gil, Enrique Zorrilla, Colombia No. 2¢ 

altos 13, Mexico D. F., Mexico 
Iliya, Raja A., Box 
Texas, Austin, ‘Texas 


i., 1406 17th St., Bedford, 


1822, University of 


Lee, Robert 
Ind. 

Link, Robert P., Apt. 61 A Court G., 
Stadium Terrace, Champaign, Ill. 

Slinkman, Georgia E., Belle, Mo. 

Szyamanski, Franz G., 2131 McCausland, 
St. Louis 17, Mo. 

No. 

Mexico 


Oriente 54 
Emiliano Zapata, 


Vanegas, Mario Lopez, 
3641, Col. 


D. F., Mexico 
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See What We Mean? 


We were remarking a while ago that it 
would be a long step forward if many of 
us, especially in educational and govern- 
mental circles, would stop using over- 
stuffed words and take to talking and 
writing plain Hnglish. 

Little did we expect at that time that so 
choice an illustration of our meaning as 
the one we're about to reprint would be so 
soon forthcoming. It was, though. Dr. 
Wilbert If. Moore, Assistant Professor of 
Sociology at Princeton, recently addressed 
the 17th annual meeting of the Hastern 
Sociological Society in the Columbia Uni- 
versity Men’s Faculty Club; and, as re- 
ported by the almost always accurate 
New York Times, here is a paragraph from 
the speech, so help us: 

“The lack of theoretical preoccupation 
on the part of many sociologists actively 
at’ work observing industries is not so 
much in the failure to make a conceptual 
scheme explicit as it is in making hypo- 
theses and analytical problems explicit. 
The area of research is the ‘social struc- 
ture’ as formally constituted and as it 
informally operates. Within that area 
the aim is clearly descriptive and not 
analytical,” 

Now, it well may be that in that mens of 
words Dr. Moore uttered a truth capable 
of moving mountains, electrifying the 
hearts of men, and maybe even causing the 
angels to sing a new song. But if nobody 
understood his statement, how could a 
waiting world profit from it? 

We know we can’t understand it; we'd 
be willing to bet that few if any of the 300 
sociologiata who heard the Moore speech 
understood the passage we quote; and 
we'd like to ask Dr. Moore: In) plain 
English, Doe, just what the hell were you 
trying to tell the world, anyhow? 


Collier'a, September 6, 1947 


Committee 210 recently reorganized 

Under the new title, “Resistance to 
Abrasion in Hydraulic Structures.”” Lead 
by chairman Walter Hl, Price, U, 8, 


November 1947 


Bureau of Reclamation, the new com- 
mittee members accepting appointment 
are: Jacob J. Creskoff, Roderick B, 
Young, D. 8. Walter and Bailey Tremper, 


Committee will report on fatigue 
of concrete 

A new ACI committee, Fatigue of 
Concrete, has been organized under the 
chairmanship of Prof. Chester A. P, 
Siess, Special Research Assistant, Depart- 
ment of Theoretical and Applied Me- 
chanics, University of Illinois. ‘The five 
committee members are: Harmer J. 
Davis, University of California; David 
Watstein, National Bureau of Standards; 
L. W. Teller, Public Roads Administra- 
tion, Thomas G, ‘Taylor, Portland Cement 
Association; and G. 8. Paxson, Oregon 
State Highway Department. 

The committee's assignment is: 

1. ‘To review the available data on the 
behavior of plain and reinforced concrete 
under repeated loading, and to prepare a 
report on the present state of knowledge 
in the field, 

2. ‘To consider the implications of this 
knowledge in the design of members and 
structures of plain and reinforced concrete, 

3. ‘To determine the gaps in our knowl- 
edge and to recommend and encourage 
research which will provide the informa 
tion to fill these gaps 
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Proposed Change in ACI By-Laws 


Notice is hereby given to the membership of the American Concrete 
Institute that at the Institute’s 44th annual convention, Denver, Colo., 
February 23-26, 1948, consideration will be given to a petition for By- 


Laws amendments. 


We, the undersigned Members of the 
American 
conformity with the provisions of Article 
IV of the By-Laws, hereby petition that 
amendments to Article IL be submitted 
for consideration of the 44th annual con- 


Concrete Institute, acting in 


vention to effect a change in terms of all 
Board members by which a new adminis- 
tration is inaugurated immediately upon 
the convention's acceptance of the annual 
report of tellers on canvass of ballots, as 
follows: 

1. Change last sentence of Sec. 4 (it 
now reads “A year is here construed 
as the period between adjournment 
of two 
tions.”’) to: “A 


atrued as the period between the re 


SUCCESSIVE annual conven 


year is here con- 
ports of ‘Tellers on canvass of ballots 
for Board members at two successive 
annual conventions,” 

2. Change Sec. 6 (which now reads: 

The terms of each officer shall begin 

at the close of the annual convention 

at which he is elected and shall con 

until oa duly 


elected.”’) to 


tinue successor 1s 


“The term of each 


officer shall begin immediately upon 
the Tellers 
of the canvass of ballots by which he 


the announcement by 


is elected and shall continue until a 


successor is elected. 


and because of the implications of By- 


Laws amendments voted last’ February 


and ratified in July, 


3. Change Sec, 7 reads: 
“A vacancy in the office of President 
shall be filled by the Vice President 
having Institute 
iority.””) to: “A> vacaney in the 
office of President shall be filled by 
the Vice President having seniority 
in that office 


(which now 


membership sen- 


Signed by: 


Stanton Walker 
Harvey Whipple 
Frank H 
Douglas Ie 


Paul W. Norton 
HJ 
Harry I. Thompson 
C. HL. Scholer 


Gilkey 
Jackson 


» " 
] arsons 


Roy W, Crum M, 0. Withey 

Il. fF. Gonnerman A. J. Boase 

M. A. Swayze Raymond I, Davis 
W. TL. Wlein R. F. Blanks 





ACI corporation member honored 
“Ash Grove’ Cement, manufactured by 

Ash Grove Lime & Portland Cement Co 

of Kansas City since ISS1, was among the 


60 brand names which received a Certifi 


cate of Public Service from the Brand 
Names Foundation for 50 or more con 


secutive years of service to the American 
consumer, at a dinner held at the Coron 
ado Hotel in St. Louis, Sept, 20, 1947, 
The Certifieate of Public Service was 
presented to Allan BB. Sunderland, presi 
dent of the Ash Grove Co,, 


Abt, 


by Henry FF, 


Brand Names 


president of the 


Foundation, before a gathering of more 


than 400 business and industrial execu 
tives of the St. Louis and mid-western 
ATCAS, 


Raymond G. Osborne and Morton 
O. Withey 

were recognized as 40-year members of the 
American Society for Testing Materials 
at the society's 50th annual 
Atlantic City, N. J. 


14 individuals and companies presented 


meeting im 
They were two of the 


with certifieates acknowledging four deo- 


andes of CONLINUOUS BErV1LC®, 














een et 


ee ee 


ee a 


, 
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Honor Roll 


February 1, 1947 to October 1, 1947 


November 1947 





Newlin D. Morgan leads the Honor 
Roll October 1, with credit for 19 new 


members. Alberto Dovali Jaime 
second with 12 credits. 

Newlin D. Morgan............... 19 
Alberto Dovali Jaime............ 12 
ae 11 
Tre 8 
Re Eis MROURMOGY... 0. ccc ccce. 8 
CL re ee S 
Ee ee 7 
Be a DED, vce cnc ccccccccccece 7 
a 7 
ee TEE | 
Elmo C. Higginson............... 6 
Pe UIs onc tc ccccccccnceees 6 
STU gc nove vc cccecene 6 
Te. 
Og rer eee 5 
ee PERE eTe eee. 
Lloyd R. Bowman. . 414 
I on tcc ce sn vsvveaven 44 
emert t., Meuchel.............5. 4! 
R. W. Morris... . 4\5 
OS 44 
Bema FPemnoagy Jf....... 0... c0ce00. 4 
Pree ee 4 
John G. Dempsey................3% 
M. J. Hawkins... 314 
DE cca sic ceccvscccseced 
maw ©, Goes... .. 0000s a 
E. Gonzales-Rubio............ 3 
IIIS oo bac vo navevies tic 3 
IOI, . occ ccd cscs wesc ed 
Ee ane 
Jerome M. Raphael............... 2% 
PID, os cave sccerececos oll 
Carlos D. Bullock................. 2 
DEIN, 5 ppc cc cnndecrsesves 2 
R. A. Crysler. . 2 
H. F. Gonnerman... 2 
per Tee 2 
COMI cick ccc ccsttcscccete 2 
James A. McCarthy.............. 2 
Harmon S. Meissner.............. 2 
Richard C. Mielenz............... 2 
re 2 


1S 


re 
Anton N. Rydland.... 
Oe 
Wm. H. Thoman................. 
Oe ee eee 
a 
Emanuel Ben-Zvi 
re 
Wilbur H. Chamberiain........... 
CS re 
Champ E. Corser. 

Hardy Cross.................. 
Harry D. Jumper.............. 
Donald G. Kretsinger......... 
F. R. McMillan 

Oliver H. Millikan. ... 

C. Russell Moir 

Clarence Rawhouser...... 
John C. Sprague 
J. W. Tinkler...... 
Paul W. Abeles..... 
Peter J. Allen... 
Jacob S. Aronow 
Hugh Barnes. . 
K. G. Bhate 

I. kK. Borchard., 
H. L. Bowman 
Frederick L. Browne 

Ernest W. Burke 

Julian B. Carson. 

W. Fisher Cassie. .... 

S. J. Chamberlin. . . 

H. F. Clemmer........... 
Aloysius E. Cooke........ 
R. ik. Copeland. .. 

William A. Cordon, ........ 
Dale L. Crippen.... 

Harmer EF. Davis......... 
Harry R. Erps 


Mdward FE. Evans. 

Phil M. Ferguson. . . 

William E. Fett... ... 

I. I. Fiesenheiser........... 
Robert W. Freeman,...... , 
Athol GC. GAM... 6. cciise 
H. J. Gilkey. 

Emil A. Gramstorff..... 


a ca Ga tah Gl pa a ek ee ee ee a OD ee ee a 


to\ H\ te\ be 


te\ BON BON be 


to w 
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Se Cr 1 Bee WR a ick exe es cb Goce pa 1 
Ernst Gruenwald................... 1 Alexander H. Yeates................ 1 
Walter N. Handy. . a ia biel ' ’ . ; : 
E. F. Harder 1 The following credits are in each in- 
Alton S. Heyser 1 stance, “50-50” with another Member. 
i , wre hh. os Jerome O. Ackerman George A. Mansfield 
Lawrence R. Hjorth................ 1 Fred G. Allison Bryant Mather 
» = Edwin C. Anderson D. W. McLachlan 
Edward L. Howard................. 1 C. V. Antenbring H. H. McLean 
Fred Hubbard. ......... 1 Eduardo A. Arnal Ernest W. McMullen 
; » Joseph Avant R, E. Mills 
Carll W. Hunt | Roland E. Bansemer R. E. Minshall 
, = = . S. B. Barnes R. M. Moorhead 
James H. Jacobson Usk esate deen eas 1 N. K. Berry EE Mosan 
Max Jamison............ 0000000 eee 1 H. J. Bezette John R. Morris 


John J. Kelley............. 
Thomas B. Kennedy 
George J. Kerekes 

Lane Knight. . 

Douglas 8. Laidlaw 

Luis A. Pietri Lavie... 
David Levine. . 

Walter Lohrey..... 
Frederic Theodore Mavis 
Thomas J. McClellan 
James E. MeClelland 

Sam MeCluer 

Duncan McConnell... . 

E. MeFalls 

Douglas McHenry... 

Jose Mendez 

Leonard J. Mitchell. ... 
S. Neatwait 

Emil J. Novak 

Douglas I. Parsons 

Orley O. Phillips. ... 

Niels M. Plum 

Julian A. Pollak 

C. C, Pugh 

Theodore O. Reyhner 
John W. Robison... 
Alexander P. Rodionov.. . 
Paul Rogers. .. 

R. D. Rogers. . 

R. H, Sherlock 

C. Clayton Singleton. . 
Lionel Sprung.... 
T. E. Stanton.... 

J. B. Stirling .. 

John H. Swerdfeger. 
J. Neils Thompson. . 
L. A. Thorssen 
Bailey Tremper 
John Tucker Jr. 
Frederick N. Weaver... 
G. W. Wier... 


i ee el ee el ee 


J. M. Breen 
George C. Britton 
C. P. Brzozowicz 
R. A. Burmeister 
Jose Luis Capacete 
John H. Cassidy 

W. L. Chadwick 
A. D. Ciresi 

A. R. Collins 
Herbert K. Cook 
John W. Cook 
Rolland Cravens 


Edgar A. Cross 
I. H. Darling 
Ik. Davis 


G. E. Davis 

Joseph Di Stasio 

H. G. Doidge 
Atahualpa Dominguez 
C, Martin Duke 
Clarence W. Dunham 
John R. Dwyer 
Harry Englander 

A. V. Farley 

Rudolf Fischl 

P. J. Freeman 


Frank M. Fucik 


roliff R. Hance 
Stephen L. Heidrich 
A. W. Hicks 
Leonard C. Hollister 
( M. Howard 
Robert B. Hyslop 
Frank H. Jackson 
M. bk. James 

nun. Cd 


Paul A, Jones 
William R. Kahl 
Kammer 
Kaufman 
Edgar R 
Morgan B. Klock 
Wm. J. Krefeld 
Arthur Krueger 

T. R. S. Kynnersley 
Clarence L. Laude 
Wm. Lerch 

F. A. Luber 
Raul Lucchetti 
mn od 


Kendall 


de Lys- 
Gregson 


M. F. Macnaughton 


F. B. Hornibrook 


George H. Nelson 
Wm. D. Nowlin 

Ben E. Nutter 
Calvin C. Oleson 

F. W. Panhorst 
Jerome P. Pasquarelli 
Henry A. Pfisterer 
Ernest Pichel 

James A. Polychrone 
John W. Poulter 
Herman G 


Carl F. Renz 

Ross M. Riegel 
Manuel Ray Rivero 
ID. ©) fol “ 
Henry R. Schaefer 
Herman Schorer 
H. H. Scofield 

E. W. Scripture Jr. 
Julian B. Shand 
Ralph L. Shelton 

R. R. Sheri 

Arthur P. Skaer 
Aubrey B. Sleath 

kk. Copeland Snelgrove 
kh. W. Spencer 

M. A. Swayze 


An 


Warren H Thompson 
T. Thorvaldson 

A. G. Timms 

Frank Sweeney Tuck 
I. L. Tyler 


Maurice P. Van Buren 
Jose Antonio Vila 
} 





Charles A. Vollick 
James D. Wall 

Donald R, Warren 
Stewart F. Weikel 


Alexander Weinbaum 
kK. C. Wenger 
Arthur J. Widmer 
G. M. Williams 
Walter I. Winner 
George Winter 
Herman C. Witte 
Leslie P. Witte 
Harry C. Witter 
Silas H. Woodard 
Kenneth B, Woods 
Roy R. Zipprodt 


has resigned his position with the Master 


Builders Research Laboratories, Cleveland 


Ohio, to return to his “native far-West.”’ 


He will be 


associated 


with the Best 


Fertilizer Company, Oakland, Calif. 
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Robert F. Blanks 


ACI senior vice president and Chief, 
Engineering and Geological Control and 
Research Division, U. S. Bureau of Re- 
clamation, was appointed a member of the 
faculty of the graduate school of engineer- 
ing of Harvard University in 1946, and for 
the past 2 years has given a series of lec- 
tures in connection with that institution’s 
graduate course on concrete technology. 
Readers will recall the October News 
Letter announcement that ACI President 
Stanton Walker had been similarly 
honored recently. Reports indicate that 
this course has proved quite popular, as 
all the lecturers who participated in its 
presentation have endeavored to make it 
practical. This year there were some 40 
graduate engineering students enrolled 
in the course. 


Stephen Stepanian 

was recently honored by the National 
Ready Mixed Concrete Association 
through establishment of a fellowship in 
the college of engineering at the Uni- 
versity of Maryland. The fellowship, 
which will include a thesis in the ready 
mixed concrete problems, provides for 
two years of graduate study leading to a 
master’s degree in engineering. 

ACI Member Stepanian of Columbus, 
Ohio, is said to have designed the ready- 
mixed concrete truck in 1914, but was re- 
fused a patent for the device which later 
became the foundation of a new industry. 


J. B. Converse and W. M. Kinney 
The Chamber of Commerce of the 
United States has announced the appoint- 
ment of 31 leading American business 
men, including Institute members J. B. 
Converse of Mobile, Alabama and 
William M. Kinney of Chicago, to guide 
the activities of its Civic Development 
Department for the forthcoming year. 
This department cooperates with trade 
and professional organizations to widen 
the market for construction through 
encouraging the adoption of mass pro- 
duction techniques to decentralized oper- 
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ations of the industry. Materials and 
methods research is conducted; attention 
is given to building code modernization 
and the training of building workers, 
Civic development activities of the depart- 
ment are intended to stimulate local 
action on coordinated city planning, re- 
habilitation of blighted areas and relieving 
street congestion. 


Donald Blair 


Delayed notice has been received of the 
death of Donald Blair, Ottawa, Ont., 
November 22, 1946. Mr. Blair was born 
in Fredericton, N. B. in 1887, and studied 
in Ottawa and at McGill University, 
Montreal. He assumed his first position 
with the city engineering department of 
Moose Jaw, Sask., and subsequently did 
land survey work in British Columbia. In 
1919 he joined the Department of Public 
Works, Ottawa; from 1923 to 1925 he was 
office engineer and clerk for the construc- 
tion department of the Tremiskaming and 
Northern Ontario Railway; he became 
resident engineer for the Rouyn Branch 
Lines Company of the Canadian National 
Railway in 1926. In 1927 he joined the 
Federal District Commission as a civil 
engineer, and transferred in 1933 to the 
Department of National Defense as a 
structural design engineer. At the time of 
his death he was supervising engineer of 
the chief architects branch of the Public 
Works Department. 


Mr. Blair was a member of the American 
Concrete Institute, the Engineering In- 
stutute of Canada, and the Association 
of Professional Engineers of Ontario. 


A.S.T.M. announces Committee C-2 


a new technical group sponsoring stand- 
ardization and research on magnesium 
oxychloride cement materials. ACI Mem- 
ber Dean Hubbell of the Mellon Institute 
has been named vice chairman of the 
committee, and ACI Members William 8. 
Elliott, Herman H. Miller and L. M. 
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Morris are among the 15 initial committee 
members. The organization meeting was 
held May 22, 1947 in Washington, D. C. 


Magnesium oxychloride cements are 
used principally for interior flooring ora 
base for interior flooring such as terrazzo or 
asphalt tile, but lack of standardization 
and consequent lack of control of the 
magnesium oxide and magnesium chloride 
incorporated in a flooring mixture have 
given rise for a long period to doubt as to 
quality and serviceability of the final 
product in place. Committee C-2 will 
endeavor to formulate specifications, test- 
ing methods and definitions governing 
these cements. 


The Institute of Technology, 
Helsinki, Finland 


was bombed during the war, and its 
library was totally destroyed. Mr. 
Arthur Morgan, Yellow Springs, Ohio, 
writes: “On my recent trip to Finland 
for the American Friends Service Com- 
mittee, I discussed the situation with Dr. 
Martti Levon, Director of the Institute. 
He said he would welcome gifts of scienti- 
fic and technical books and _ periodicals 
from America to take the place of those 
destroyed. In the remarkable efforts for 
recovery that the Finns are making, the 
lack of technical library facilities is a very 
serious handicap. It would be a practical 
act of friendship to a nation that holds 
America in high regard if Americans 
should contribute good technical books 
and periodicals to this library.” 


Acting on Mr. Morgan’s appeal, the 
Institute office has sent several volumes 
of the JourNAL. as far as “over copies” 
will permit. Members who have extra 
copies of ACI publications, or other tech- 
nical works, that they wish to contribute 
should send them to the Legation of Fin- 
land, 2144 Wyoming Avenue, N.E., Wash- 
ington, D.C. Parcels should be marked 
for the Institute of Technology, Helsinki, 
and will be forwarded by the Finnish 
minister. 





CARE anticipates European needs 

Herbert Hoover has called CARE “the 
only sure and efficient way of sending 
packages to friends and relatives in 
Europe.” Each of CARE’s 12 different 
types of packages are guaranteed for de- 
livery to any one of 15 European coun- 
tries. They are sent by individuals or 
groups to friends, relatives or needy in 
Europe. If the giver does not know an 
actual person abroad, CARE packages 
can be sent to types of persons such as a 
displaced person, an orphan, a member of 
a religious group. Detailed information 
may be secured from CARE (Coopera- 
tive for American Remittances to Europe) 
whose member agencies comprise individ- 
ual service groups for the several European 
nations, Jewish, Protestant and Catholic 
organizations, and others. The address is 
50 Broad Street, New York 4, N. Y. 





Registration List—Birmingham 
ACI Regional Meeting 


*Asterisks denote ACI Members 





*ARNOLD, M. A., Box 477, Greensboro, N. C. 
Austin, Wa. W., Jr., Southern Research Insti- 
tute, 917 So. 20th Street, Birmingham 
BASENBERG, F. C., Polglaze & Basenberg, Engrs., 
1004 Empire Bldg., Birmingham 
*BicLter, H. P., Connors Steel Company, P. O. 
Drawer 952, Birmingham 
BuiakeE, B. C., Connors Steel Company, P. O. 
Drawer 952, Birmingham 
Bonp, Rosert H., Universal Atlas Cement Com- 
pany, Brown Marx Bldg., Birmingham 
Braprorp, Tuomas C., District Manager, Robert 
W. Hunt Co., Ramsay McCormack Building, 
Ensley, Birmingham 
Brapy, Cuas. E., Hedrick Gravel and Sand, Bon- 
sal Gravel and Sand, P. O. Drawer 1040, Salis- 
bury, N.C. 
Carn, WALTER B., Birmingham Slag Co., 2019 6th 
Ave., No., Birmingham 
Cautrr, W. J., Jr., Connors Steel Company, P. O 
Drawer 952, Birmingham 
CALLAWAY, Joun L., Connors Steel Company, P. O. 
Drawer 952, Birmingham 
Carutuers, Wo. H., Birmingham Slag Company, 
2019 6th Ave., No., Birmingham 
Cuaney, D. L., Portland Cement Association, 401 
Hurt Bldg., Atlanta, Georgia 
CHRISTENSEN, GEORGE E., 1327 Wood Street, 
Dallas, Texas 
*CLaRK, ARTHUR P., A.I.S.I., 3504 Woodley Road, 
Washington 16, D.C. 
Ciement, M. L., Director, Southern Building 
Code Congress, Brown Marx Bldg., Birmingham 
CuiicavEnnor, F. V., Lehigh Portland Cement 
Company, 2024 8th Ave., No., Birmingham 
CLorre.trer, James H., Birmingham Slag Com- 
pany, 2019 6th Ave., No., Birmingham 
*ConverseE, J. B., J. B. Converse & Company, 
Mobile 6, Ala. 
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Cox, Frep W., Southern Research Institute, 917 
So. 20th Street, Birmingham 

Cox, J. T., Connors Steel Company, P. O. Drawer 
952, Birmingham 

Crum, Roy W., Highway Research Board, 2101 
Constitution Ave., Washington, D. C. 

*Curry, Remperr L. .. Waterways Exp. Station, 
Box 217, Clinton, Miss. 

Day, Jos. G., Day and Richardson, 429 South 
24th Street, Birmingham 

Dovatas, Witmor C., Architect, 406 Dixie Carl- 
ton Hotel Bldg., Birmingham 3 

Eaaar, H. D., Pennsylvania-D ixie Cement Co., 
Chattanooga, Tenn. 

Epwarps, J. H., Jr., Connors Steel Company, P. 
©. Drawer 952, Birmingham 

Esres, J. Grover, Consolidated Contractors, 
Memphis, Tenn. 

Faaaty, T. A., Sherman Concrete Pipe Co., 3240 
Fayette Ave., Birmingham 

*Fanisu, T. J.. Master Builders Company, P. O. 
Box 326, Jackson, Miss. 

Fisner, Grorar H., Tennessee Coal, Iron & Rail- 
road Co., Brown Marx Building, Birmingham 
*Fox, JOSEPH H., Sales Engineer, 1601 Empire 

Building, ./?_— 3 

Fresera, C. R., Head, Engineering Division, 
Southern Research Institute, 917 South 20th 
Street, Birmingham 

Frivpte, J. C., Birmingham Slag Company, 2019 

6th Ave., No., Birmingham 

*Giikey, Herpert J., Dept. of Theoretical & Ap- 

lied Mechanics, Iowa State College, Ames, 
owa. 

Goerz, J. R., Engineer, 2844 Thornhill Road, 
Birmingham 9 

*GONNERMAN, Harrison F., Portland Cement 
Assoc., 33 W. Grand Ave., Chicago 10, Ill 

Green, W. Cooper, Mayor, City of Birmingham, 
City Hall 

*Harver, FE. F., Barrow-Agee Laboratories, Inc., 
P. O. Box 156, Memphis 1, Tenn. 

Haxpy, C. Epson, Dixie Sand and Gravel Co., 
624 Hamilton Nat'l Bank Bldg., Chattanooga, 
Tenn. 

Hartman, H. E., Lone Star Cement Corp., 
Bldg., Birmingham 

Hewes, Joun F., Jn., E. I. DuPont de Nemours 
and Co., Watson, Ala. 

Hewes, Pavut Q., National Southern Products 
Corporation, Tuscaloosa, Ala. 

*Hicks, A. W., Marquette Cement Mfg. Co., 907 
Union Planters National Bank Building, Mem- 
phis 3, Tenn. 

Huvp.eston, P. M., Reynolds, Smith & Hills, P. 
O. Box 4817, Jacksonville 1, Fla 

Irnecanp, Wo. Comer, Birmingham Slag Co., 2019 
6th Ave., No., Birmingham 

*Inwin, O. W., President, Rail Steel Bar Associa- 
tion, 38 South Dearborn Street, Chicago 3, Hl. 

*JACKSON, Frank H., U.S. Fublic Roads Adminis- 
tration, Washington 25, D.¢ 

Jounsey, Cans R., Connors Steel Company, P. O. 
Drawer, 952, Birmingham 

Jounsron, J. W., Birmingham Slag Co., 
Ave., No., Birmingham 

Jones, C. F., Connors Steel Company, P. O 
Drawer 952, Birmingham 

Jonrvan, R. D., Alabama State Highway Depart- 
ment, Exchange Bldg., Birmingham 

Kimpatt, J. Forrest, Tennessee Coal, Iron and 
Railroad Co., Brown Marx Bldg., Birmingham 

Lanpe., A. W., Connors Steel Company, P. O. 
Drawer 952, Birmingham 

Luey, L. D., Connors Steel Company, P. O. 
Drawer 952, Birmingham 

Martin, James W., District Engineer, Public 
Roads Administration, P. O. Box 60, Mont- 

. gomery, Ala. 

Maxwe ut, C. V., Engineer, Mallett and Asso- 
ciates, Jackson, Miss. 

Miuis, Wm. T., Alabama Steel Company, 109 So. 
4ist St., Birmingham 


Comer 


2019 6th 
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*Morais, I. = I. E. Morris & <anotates, 151% 
Nassau St., N. W., Atlanta, € 

*McDona.p, J. Harry, Peaneptvania- Dixie Ce- 
ment Corporation, 1410 Rhodes-Haverty Build- 
ing, Atlanta 3, Ga. 

*McDone.., Houpert F., Division of Tests, State 
Road Department, Gainesville, Fla. 

Maarartn, Harpy, Lehigh Portland Cement Com- 
pant, 2024 8th Ave., No., Birmingham 

*Nevson, GeorGe H., Barrow-Agee Laboratories, 
Inc., Atlanta, Ga. 

Nicuoison, Geo. A., National Cement Company, 
Martin Bldg., Birmingham 

*Norton, Pau W., 285 Columbus Avenue, Boston 
1}, Mass. 

*Parsons, DovGtias E., National Bureau of Stand- 
ards, Washington 25, D.C. 

Puiturps, R. 8., Route 1, Lynnville, Tenn. 

PINSON, CLARENCE M., President, County Com- 
mission, Jefferson County Court House, Birm- 
ingham 

Poot, R. B., Connors Steel Company, P. O. 
Drawer 95 92, Birmingham 


Powerit, Huon A., Polk, Powell and Hendon, 
Engineers, Chamber of Commerce Building, 
Birmingham 


Reeves, J. B., Connors Steel Company, P. O. 
Drawer 952, Birmingham 

Rocers, C. J., County Engineer, Jefferson County 
Court House, Birmingham 

Scuap, James A., A.I.S.1., 350 Fifth Ave., New 
York 1,N. Y. 

Scnovier, Cuarves H., 
Manhattan, Kan. 

Scuoui, Roy W., Connors Steel Company, P. O. 
Drawer 952, Birmingham 

Scuvuy.ter, Don Buen, Architect, 
Bank Bldg., Tuscaloosa, Ala. 

*Sessums, Roy T., Dean, School of Engineering. 

Louisiana Polytechnic Institute, Ruston, La. 
Suiprey, K. F., Materials Engineer, U. 8. Public 
Roads Administration, Atlanta National Bldg., 
Atlanta, Ga. 
Sairu, Jack B., 
Birmingham 3 
Sairn, Ronert B., Truscon Steel Company, Mar- 
tin Building, Birmingham 

*Spraaur, Joun C., Division Materials Testing 
Laboratory, U. 8. Army Corps of Engineers, 
Marietta, Ga, 

*SrapLes, Leroy A., Consulting Engineer, 702 

Guaranty Bank Building, Alexandria, La. 
Sreneck, Evaene, Alpha Portland Cement Com- 
pany, First National Bldg., Birmingham 
STRICKLAND, Raymonp FE., Jr., Strickland and 
wet " National Bldg., Birmingham 

Tayvor, F. , Birmingham Slag Company, 2019 
6th Ave., ong Birmingham 

Tuiaren, GreorGe P., 2227 First Avenue, South, 
Birmingham 3 

*Tuomson, Harry F., General Material Company, 
605 Buder Building, St. Louis 1, Mo. 

*Van Arta, Frep F., A.C.1., New Center Building, 
Detroit 2, Mich. 

Wapswortn, J. B., State Road Department of 
Florida, Tallahassee, Ila. 

*WaLKer, Sranron, National Sand and Gravel 
Association, Suite 951, Munsey Building, Wash- 
ington 4, D. 

*Warts, CALVIN T., 
stitute, Ruston, La. 

Weartnerrorp, Guy A., Alabama Steel Company, 
109 South 41st Street, Birmingham 

*Wuirr ie, Harvey, A.C.1., New Center Building, 
Detroit 2, Mich. 

Witiovanny, G. P., Virginia Bridge & Iron Co., 
P. O. Box — Birmingham 
Witaore, C. engineer, 415 Chamber of Com- 


Kansas State College, 


First National 


Architect, Frank Nelson Building, 


Louisiana Polytechnic In- 


merce Building. Birmingham 


Paul Wright & Company, 
Birmingham 


Wriant, Paut, 
Marx Bldg., 


Brown 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 


64 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 
16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 
24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages !n covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4A pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 
63 pages In covers: 50 cents per copy. (40 cents to AC] Members) 


[Superseded by (ACI 318-47) but still in large demand because it is incorporated 
in many existing codes] 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 


55 pages, $3.00 per copy. .$1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 
Reported by Committee 616 as Information and for discussion only. 20 pages, 
25 cents per copy (Reprint trom ACI JOURNAL, June 1942) 
Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 
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SYNOPSES of recent ACI Papers and Reports 





Institute oapen of this JOURNAL 

Vol. 19 which are currently avail- 
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BUILDING CODE REQUIREMENTS 
OR REINFORCED CONCRETE (ACI 
BEER pccccccccccccccceccvccogeocs 44.1 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 

Supersedes 43-15 

This code covers the proper design and construction of 
buildings of reinforced concrete, It is written in such a 
form that it may incorporated verbatim or adopted by 
reference in a general oulicing code, and earlier editions 
of ithave been widely used in this manner. 

Among the subjects covered are: quality of concrete 
allowable stresses, mixing, placing, curing and col 
weather protection of concrete, torms, cleaning, bending, 
placing, splicing and protection of reinforcement, con- 
struction joints, general design considerations, flecural 
computations, shear and diagonal tension, bond and 
geetenen, lat slabs, columns and walls, and footings, 
The quality and tpoting of materials used inthe construc- 
tion are covered by references to the appropriate ASIM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
Ly pe OF A THIN CONCRETE 


S. D. BURKS—Sept. 1947, pp. 65-76 (VY. 44) 


Temperature in concrete structures is of interest mainly be- 
cause itis offen a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Presented 
herein is the temperature history of a thin concrete dam, 

sed on results of more than five years of observation. 
The temperature rise of concrete is given, as well as the 
olfect of thickness of section on temperature behavior, 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures, annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


CEMENT-AGGREGATE REAC- 
ON IN CONCRETE............+-+ 44-3 


DUNCAN MeCONNELL, RICHARD C. MIFLEN7Z 
WILLIAM Y, HOLLAND and KENNETH T. GREENE— 


Oct, 1947, pp. 93-128 (V, 44) 
The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
ve caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
croscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others, Petrographic and 
physical-chemical investigations have identified the rocks 
on poinorets which are susceptible to atiack by cement 
les. 
The expansion and cracking of the concrete result from 
Omotic pressures decsleed a alkalic silica gels that are 
pr by partial dissolution of siliceous rock and 
mineral substances, Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANEL......... 44-4 
BERT A, HALL—Oct. 1947, pp 129-140(V. 44) 


Desirability of using portland coment plaster for surfaces 
exposed to water spray and aealneton impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. sFests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli. 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals, damp-curing of individual coats is elimi. 
nated, and the final curing period is shortened by careful 
control, 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS ........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCls brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con. 
crete, producing a salt solution which varies from relatively 
high concentration atthe surlace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. At a certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disine 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oet, 1947, pp. 149.176 (V, 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con. 
cteles are permitted to dry from only one side, It is found 
thatthere isin general an optimum gypsum content for each 
coment for minimum loss in weight, a diferent optimum for 
minimum shortening and still a different optimum for mini- 
mum warping. The data were too limited to indicate 
clearly hether or not there was also an optimum gypsum 
content for each cement for a maximum factor of salety 
against cracking. For the two cements of Type | used in 
this study the highest factors of salety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was stillhigher. Forthe other comentsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet cured 98 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days, There are in 
dications that the rate of hydration during the first lew 


hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE...........++ 44-7 


R. HH. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189.192 (V, 44) 

Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached toa 
reinforcing bar embedded in concrete. the procedure a 
precautions to be observed in installing the gage and 
shield are outlined, 
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EMICAL TEST FOR REACTIVITY 
CONCRETE AGGREGATES 
CEMENT ALKALIES, CHEMI- 
CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 


Price 60 cents. 


RICHARD C, MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov, 1947 pp. 193-224 (V, 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
s based upon the amount of silica dissolved by a 1N sodium 

roxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates of different types 

A specific test procedure is described and is recom 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates, 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 225-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Method 
may be directly applied for pane: point loads, other load 
ings are resolved to equivalent panel point loads. Iilus- 
trated solutions are developed for a six story bent and an 
unsymmetrically loaded Vierendeel truss. 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS....44-10 
GEORGE W. WASHA—Nov. 1947, pp. 937-260(V, 44) 


This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. by 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables inc uded three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic flow deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic flow prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
by the large increases in deflections and strains that were 
obtained over a five year period 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the AC] JOURNAL—the pages indi- 
cated will be found in the February 1947 issue and (when it is 


completed) in V. 43, ACI Proceedings. Beginning with t 5 ng te 
1948 JOURNAL alll issues will be open for advertising. Write for 
details. 
Concrete Products Plant Equipment page 

Besser Manufacturing Co., 902 46th St., Alpena, Mich..............cccceeeeee 735 
—Concrete products plant equipment 

Stearns Manufacturing Co., Inc., Adrian, Mich............cccceeeeccceeeceece 725 
— Vibration and tamp type block machines, mixers and skip loaders 

Syntron coneien, i Ra eeaceces 776 
—Concrete vibrators, block and brick machine vibrators 

Construction Equipment and Accessories 

Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 

—Truck mixer loading and bulk cement plants, road machinery, buckets, and 
steel forms 

EN EEE LT Le ee 757 
—Mixing plants, cement handling equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis...............0cceeeeceeeees 762-3 
—Mixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y............0065 772 
—Concrete vibrator equipment 

Construction Machinery Companies, Waterloo, lowa..............0eeceeeceeee 745 


—Batching and placing equipment, Jetcrete gun 
Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


ee ican ka adaenaeeenseses banees es borers ows 759 
—Hauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, Mich.............00eceeeeeeeee 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio. .........00 ccc cece ec eeneees 754 
—Finishing and joint installing machines 

EE 740 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio... .. 2... cece cee eee eee 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio.......... cece cece sec e cee eececs 738-9 
—Concrete Paving Equipment 

i i, i ee, MUGS cc cccccccncccesesescscsescccceecs 761 


—Automatic mixing plants 
Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 


Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illlinois...............246. 748 
oncrete vibrators 

i Cs ceca ccdectcadéectessrecsoneres 7292-3 
—Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa... 0... ccc cece ees 788 
—Crushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y...... 771 
—Form tying devices 

Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois............... 744 


—forms, form ties, form systems, bar supports 





od 
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Viber Co., 726 So. Flower St., Burbank, Calif............ 0. cc ccc cece ee eens 752-3 
—Concrete vibrators 


i Worthington Pump and Machinery Corporation, Holyoke, Mass................ 770 
—Paving Mixers 
Contractors, Engineers and Special Services 

American Concrete Institute, New Center Bldg., Detroit 2, Mich.......... 792, 794-5 
—Publications about concrete 

Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y............06- 749 
—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y............-45- 773 
—Engineering service for prestressed concrete 

Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass..............-.008- 746-7 


—Grid system of concrete construction 
Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Yu..........200085 728-9 
Floor finishing 3 methods 


Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 
Cleveland 14, Ohio............. 
—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y.............005- 730 
—Pile foundations 





Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois. ......... 756 
—Thin shell concrete roofs 
Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa...............4.. 766-7 
Forms and lifters with suction controlled concrete 
Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J... ....... 790-1 


—Waterproofing 
Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
—Calcium chloride 
Dewey and Almy Chemical Co., Cambridge 40, Mass..............2.020005- 764-5 
—Air-entraining and plasticising agents 
Haydite Manufacturers, Buffalo; Kansas City; Toronto; St. Louis; South 
Park, Ohio; San Rafael, Calif.; Danville, Illinois 
~——Lightweight aggregate 
Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................. 774-5 
—Curing Compounds 


Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois..............0.. 724 
Reinforcing bars 
Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y............ 726-7 
—Cements and cement performance data 
: Master Builders Co., The, Cleveland, Ohio; Toronto, Ont................... 777-84 
—Air entrainment and cement dispersion 
Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Illinois.............. 793 
I —Concrete reinforcing bars 
Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J.........000 cece eeces 750-1 
Waterproofings and densifier 
Techkote Company, 821 W. Manchester Ave., Inglewood, Callif.............. 760 
i —Concrete curing compounds 
United States Rubber Co., Rockefeller Center, New York 4 are 758 
~Form lining 
Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa......... 0... 0c cee eee 721 
—Testing equipment 
Concrete Specialties Co., Coulee Dam, Wash........ 2.2.06. 0 cece cece ewes 789 
-Testing machines, and equipment for capping ‘test cylinder: S 
Gilson Screen Company, Py Ge ee Hy PUNO, Wi iccbccsk ceessiccedouseds 755 


—Mechanical testing screens 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller’ list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important Sonaiiauadions in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$3.00, 


to ACI Members—$1.75. 
ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI- 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Farm Silos (ACI 714-46), and two specifications: Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.25. |Pending the release of a new book of 
standards, this book plus the revised ‘““Code’’ (ACI 318-47) in a separate cover are available 
at the price of the book alone. | 


Air Entrainment in Concrete (1944) 


92 pages af reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Ajir-entraining Portland Cements or Air- 
entraining Materials Added to Batch at Mixer,’ and 61 pages-of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, ‘Concretes Containing Ajir-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications, for Concrete and Reinforced 
Concrete submitting ‘Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. from the Committee's Fore- 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.’’—132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopses of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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available from ACI at 60 cents each—quantity quotations on request. Discussion 


To facilitate selective distribution, separate prints of this title (44-11) are cumin | 
[e this paper (copies in triplicate) should reach the Institute not later than April 1, 1948 
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Precasting Concrete Pipe for the San Diego Aqueduct* 
By D. K. WOODINt 


Member American Concrete Institute 


SYNOPSIS 

Method of precasting high and low head concrete pipe, 48 to 96 in. 
in diameter, for the San Diego aqueduct is described in detail, profusely 
illustrated. Steel cylinder and cage type of reinforcement and a com- 
bination of the two are described. Cement composition and properties 
and mix proportions are tabulated; vibration methods, handling and 
storage difficulties, preparation of forms and reinforcement, placing of 
concrete and curing conditions are discussed. Emphasis is on the econ- 
omy of correct vibration processes, and the problems encountered in 
establishing them. 


INTRODUCTION 


With the influx of military personnel, defense workers and their fami- 
lies, the added population of San Diego far surpassed the normal increase 
figure, and the demand on the water supply exceeded the safe yield. As 
the war progressed, the demand for more water by military and aircraft 
plants increased, until by June of 1944, they were consuming 45 percent 
of the total water supply available at San Diego. Under this heavy de- 
mand, it was estimated that the existing water supply would run out late 
in 1947, should a period of deficient runoff occur. The federal govern- 
ment initiated a plan for immediate construction of an aqueduct, to 
assure an adequate water supply for the San Diego metropolitan area 
and military centers situated in and near the city. 

The president’s committee, representing the Interior, Navy, and War 
Departments, Federal Works Agency, San Diego County Water Author- 
ity, and the City of San Diego, recommended that an aqueduct be 
constructed to convey water from a point on the Colorado River 
aqueduct near San Jacinto, to San Vicente reservoir. On November 


*Received by the Institute July 14. 1947. 
tConcrete Engineer, Navy Department, San Diego Aqueduct Project, Vista, California. 
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29, 1944, President Roosevelt directed the U. S. Bureau of Reela- 
mation to complete 5 and specifications, and directed the Bureau of 
Yards and Docks, Navy Department, to construct the aqueduct. The 
gravity flow one will divert water from the Colorado River aqueduet 
of the Metropolitan Water District of Southern California, at the outlet 
portal of San Jacinto tunnel, and de liver it through a 71.3-mile aqueduct 
to San Vicente reservoir, the latest of San Diego’s storage basins, com- 
pleted in 1942. Nearly 65 miles of this aqueduct will be precast concrete 
pipe. 


DESIGN, SPECIFICATION REQUIREMENTS AND CONTRACTS * 

Design standards 

The aqueduct design called for 48-, 54-, 72-, and 96-in. inside diameter 
concrete pipe (Table 1). The smaller pipe was designed for heads as high 
as 550 ft in intervals of 25 ft and for backfills as high as 25 ft in intervals 
of 5 ft. For heads of 100 ft or less, two spirally-wound ‘‘cages’’ of re- 
inforcing steel were used. This was designated as NC (non-cylinder) pipe. 
For heads above 100 ft, a steel cylinder was specified in addition to the 
spirally-wound cages, and this was designated as C (cylinder) pipe. For 
the lower head, cylinder-type pipe, the cylinder was substituted for the 
inside cage, but for higher heads one cage was wrapped on the cylinder. 
Many combinations of reinforcing steel diameters and spacing were pro- 
vided, but even with this wide range, steel shortages required approval 
of various alternates in order to make use of the various steel diameters 
available. In all cases, larger diameter steel than specified was used, 
which the contractor elected to do at his own expense. 

The pipe is designed for the internal water pressure, which produces 
uniform tension in the pipe shell, and for external pressures from earth 
loads and the dead load of the pipe itself. The latter loads produce 


TABLE 1—LINEAR FEET OF PIPE 


Total 
Pi shell NOy-12498 | NOy-12575 | NOy-12759 | NOy-13095 
symbol* thickness, re Baldwin Park | E} Cajon | Baldwin Park 
in. A.P.&C. Co. | U.C.P. Co. | A.P.&C. Co. | U.C.P. Co. 
48 NC 534 — 10,960 18,640 3,530 
48 C 5% — | 93,520 | 22,630 
54 NC 614 ov | @es | . 21110 
54 C € nines : - 52,390 
72 NC 714 ~— = 47,936 2,180 10,980 
72C 7% —— - . 3,760 
96 NC 9 13,120 = 














48, MA, and 72-in NC (non-c pylinder) p pipe pe for ho 0 to 100 ft. 
06-in. NC ( wd reel! pipe for heads 0 to 5 
48, 54, and 72-in, C (cylinder) pipe for heads 100 ‘to 550 ft. 


All pi pine designed for 50-ft ranges in internal head as required within above limita, and for 5-ft intervals 
li depth up to 25 ft. 
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bending stresses in the pipe shell. The stress analysis of the pipe for 
the external loads is prepared on the assumption that the reaction from 
the external loads is distributed in bulb-like fashion over the bottom 
of the pipe. The lateral dimension of the bulb is limited by a 90-degree 
central angle. The design of the pipe shell is based on a concrete having 
a minimum compressive strength of 3,500 psi and the unit stresses used 
were: compression 1,500 psi, shear 105 psi, bond on cylinder 105 psi, 
bond on bars 210 psi. For the reinforcement steel, the allowable unit 
stresses used were 12,000 psi for hoop stresses due to internal pressures 
alone and 20,000 psi for a combination of hoop stresses from internal 
pressures and bending stresses due to external loads. It was found that 
in some instances the amount of reinforcement in low head pipe with 
large external loads would be governed by bond stresses rather than by 
tensile stresses. The steel cylinder is considered a part of the reinforce- 
ment but the concrete inside of the cylinder is considered ineffective in 
the design. The shell thicknesses for the various sizes of pipe were 
selected after an economic study, giving consideration to a wide range 
of internal heads combined with earth covers ranging from 5 to 25 ft. 

The 96-in. diameter pipe was fabricated in 12-ft lengths—all other was 
fabricated in 16-ft lengths. Patented lock-joint rings were incorporated 
at each end of the pipe for connecting the sections together. A separate 
contract for the fabrication of the joint rings was made with the American 
Pipe and Construction Co. These joint-ring assemblies were furnished 
to the pipe manufacturers as needed. 

Special connections generally designated as nozzles were installed in 
pipe sections for manholes, blow-offs and vents, which are protected by 
structures built after the pipe has been laid. The sleeves for these fittings 
were prefabricated and installed in the reinforcing steel at the proper 
position. They were so designed that they would fit snugly against the 
forms when the forms were tightly clamped into position for filling. 
After the forms were stripped, nozzles of the desired length were welded 
into the sleeves. They were then sandblasted, primed and coated with a 
protective coating of coal tar enamel. 


Specification requirements 

Two types of cement were specified: Federal Specification 206a, Type 
II or modified cement; and Federal Specification 21la, Type V or sul- 
phate-resisting cement. In addition to the limitations for the com- 
position of these cements, the amount of Na,O plus AO was limited to 
0.6 percent when the aggregates used contained elements subject to 
alkali reaction. The composition, surface area and compressive strengths 


of cement furnished are shown in Table 2. Generally speaking, all the 
aggregates secured from the southern end of the aqueduct, required 
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TABLE 2—COMPOSITION, SURFACE AREA AND STRENGTH OF CEMENTS 











Compressive strength, 
Cement Compound composition, percent psi Specific 
eee ers ’ ~ . = surface 
Brand! Type |CyS CS CsA CAF CaSO, Al- em?/g 
kali} 7 days 28 days 

C Il 46.4 28.9 6.8 9.6 2.9 .49| 2086 3538 | 1897 

C V 34.3 42.7 5.0 10.3 1486 8037 | 2091 

V II o..@.20.1:.6.5 86 26 .@ 2219 3623 LOLS 

V V {33.1 47.0 4.1 8.9 2.4 .45) 1242 2938 | 2609 














cements limited to 0.6 percent alkalies, while those available to the 
northern end did not require this limitation on the alkali content. Sul- 
phate resisting cement was specified for pipe to be placed in areas along 
the aqueduct where harmful concentrations of sulphate salts existed in 
the ground. A study was made of all possible undeveloped aggregate 
deposits along the aqueduct, as well as of materials available at com- 
mercial plants. Specifications required a minimum compressive strength 
of 4,000 psi for 28-day standard moist-cured concrete, and a maximum 
W/C ratio of 0.55 when modified cement was used. The same strength 
was required for 90-day standard moist-cured concrete when sulphate- 
resisting cement was used. ‘The mix proportions and aggregate sizes 
were to be determined on the basis of producing concrete having suitable 
workability, density, impermeability, durability and the required strength 
with a maximum slump of 4 inches. 

Specifications also required that upon completion of the casting of 
several units of pipe, the filled forms, in a vertical position ‘shall be 
subjected to the action of thoroughly saturated steam, so as to produce a 
curing temperature of not less than 120 F and not more than 150 PF.” 
Forms could not be removed in less than 6 hours, and pipe could not be 
tipped in léss-‘than 36 hours, with provision for extending this period for 
concrete containing sulphate-resisting-cement concrete. After the initial 
36-hour steam curing, the contractor was permitted to choose either an 
additional 36-hour steam cure or a 7-day continuous water cure. Suit- 
able enclosures were required for steam curing. 


Pipe contracts 


Although four contracts were let, pipe was supplied by only two 
manufacturers, American Pipe and Construction Co., and the United 
Concrete Pipe Corp., either for their own aqueduct contracts, or as 
suppliers for successful bidders on other schedules. ‘Three concrete pipe 
plants were used. One was located at El Cajon, California, just east of 
San Diego, for furnishing pipe to the southern end of the aqueduct. The 
others were located at Southgate and Baldwin Park, California, just east 
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of Los Angeles. ‘Table 1 gives the size and quantity of each pipe type 
produced by each contract and plant. 

The arrangement at El Cajon permitted casting a maximum of 25 pipe 
sections 16 ft long and 48 in. in diameter each day. The Southgate plant 
was arranged for casting a maximum of seven, 12-ft, 96-in. pipe sections 
per day, and the Baldwin Park plant had a maximum of fifty-two 16-ft 
sections per day, varying from 48-in. to 72-in. diameters. Because of 
limited storage space at each plant, as soon as the pipes were accepted 
and released from curing, they were trucked out and placed along the 
aqueduct line considerably ahead of excavating and laying operations. 
Access roads were constructed along the aqueduct line and the pipes were 
unloaded at the approximate station at which they were to be laid. 
Layout sheets were prepared, showing where each length of pipe was 
located. During laying, special closure lengths were required whenever 
there was a gain or loss in stationing. 


MANUFACTURING FACILITIES AND METHODS 

Location of plants 

The kl Cajon plant (Fig. 1 and 2) of the American Pipe and Construe- 
tion Co. was the first to begin fabrication of pipe. One hundred 48-in. 
base plates were arranged in two rows on each side of the crane track. 
The mixing plant, the steel reinforcing cages, and cylinders, were con- 
veniently arranged so that incoming steel could be unloaded from cars 
and placed within reach of the motor crane, where they could be moved 





Fig. 1—Panoramic view of concrete pipe manufacturing plant of the American Pipe and 
Construction Co., El Cajon, Calif. e cylinder testing yard and sheet assembly and 
rolling yards are off the picture to the right. See Fig. 2. 


A—Pipe storage yard E—Reinforcing cage fabrication shed 
B—Steam cabinets F—Mix plant 
C—Crane and bucket placing concrete G—Cylinder storage yard 


D—Joint ring assembly yard 
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Fig. 2—El Cajon pipe plant—fabrication chart 


1—Stockpiled coils of reinforcing steel 19~fons ring installation 
2—Stockpile of sheet steel for cylinders 1 nside and outside cage assembly 
3—Aggregate unloading hopper 15—Completed cage storage yard 
conveyor 16—Concrete bucket and loading pit 
and aggregate bins and mixing 17—Motor crane 
Rene 18—Forms ready for concrete 
6—Welding sheets of steel for cylinders 19—Steam boiler and air compressor 


7—Rolling sheet steel for cylinders 20—Steam and air lines 
hine for welding cylinders 21—Finished pipe being cured in steam 
9—Completed cylinder storage cabinets 
10—Hydrostatic testing of cadens 22—Finished pipe storage 


11—Coiled reinforcing steel for cage fabri- 23—Storage area 


cation 24—Loaded truck 
12—Machine for reinforcing cage fabri- 
on 
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from storage to the fabrication sheds when needed. ‘The motor crane 
also conveyed the concrete bucket from the mixer to the top of the forms, 
(Fig. 3 and 4) tipped pipe, stripped and set forms, placed reinforcing 
steel, and fitted the steam cabinets over the pipe for curing. Air, water 
and steam were piped to convenient manifolds near the forms, where hoses 
could be connected. Some of the fabrication operations were done in the 
yard without protection from the elements, but few days were lost due to 
rainy weather. The El Cajon plant was originally designed several years 
ago but has been revamped several times to accommodate larger jobs. 

During the winter nights, ocean fog frequently penetrates as far east as 
El Cajon. In the summer, there are hot, dry days which cause a consid- 
erable increase in the shrinkage and cracking of the inside lining of cyl- 
inder pipe. Due to a very limited storage space at this yard, pipe see- 
tions were moved to the job in about a week after casting. Since the 
pipe received a 72-hour steam cure, it received no additional moisture dur- 
ing the summer, but remained exposed to the sun, in many cases through- 
out the summer months, before it was laid and covered. Although the 
specified strength requirements have been met, it seems worthwhile to 
specify & maximum exposure period in hot, dry areas, 


Fig. 3—Motor crane transporting 
concrete from mixer to top of forms. 
Steam cabinets and pathee | pipe are 
in background. 
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- — “mar Fig. 4—Placing concrete 

P : . a _in 48-in. pipe using cone- 

shaped distributors, El Ca- 
jon plant 





The Baldwin Park plant of the United Concrete Pipe Corp. (Fig. 5) 
is situated about 15 miles east of Los Angeles in the northeast section of 
the town of Baldwin Park. During the winter months, there are periodic 
rains and frequent foggy nights and days. But beginning in June, the 
days and nights are clear and often hot. Although the company had 
some facilities at this location for precasting concrete pipe of similar 
character some years ago for the Metropolitan Water District, these were 
considered inadequate for the amount of pipe to be produced for the 
San Diego aqueduct, and a new plant was assembled. As sub-contractor 
for the first 22 miles of low pressure pipe, it was possible for them to 





Fig. 5—Panoramic view of the concrete pipe manufacturing plant of United Concrete Pipe 
Corp. at Baldwin Park, Calif. The large shed in the center of the picture houses the 
carpenter shop. 


A—Pipe storage yard F—Reinforcing cage fabrication shed 
B—Steam cabinets G—Cylinder reinforcing fabrication shed 
C—Loading crane and testing yard 

D—Mikx plant H—Reinforcing steel 


E—Cage storage yard 
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gradually develop efficient non-cylinder-pipe steel-reinforcing assem- 
blies, forms and placing procedures. Some of the successful methods de- 
veloped earlier by the American Pipe and Construction Co., were in- 
corporated to the immediate advantage of the Baldwin Park plant. 
Many additional improvements in forms and methods were developed 
which resulted in constant betterment of the pipe. 


The American Pipe and Construction Co. main yard and offices are 
located at Southgate, California, just southeast of Los Angeles, where 
the 96-in. diameter pipe was produced. Although this pipe was large 
and heavy, it imposed fewer difficulties because of the shorter lengths 
and thicker walls and lighter reinforcing requirements. The climate in 
this area is identical to that at Baldwin Park. 

Forms 

Forms at all plants were essentially the same. They consisted of a 
-ast steel base ring (Fig. 6) machined so that circular steel tubes or forms 
could be clamped to them in a vertical position to make an inside and 
outside wall, and firmly hold the joint rings in place at both ends of the 
pipe. These could be expanded or collapsed and removed after the con- 
crete became sufficiently hardened. The top of the form was held 
securely in place by a spider ring which was flat and prevented the con- 
crete from falling to the inside of the pipe and which held the top joint 
ring in position (Fig. 7). The outside form was extended about 8 in. 
above the top of the finished pipe so that the concrete could not overflow 
to the outside during placing operations (Fig. 8). Both top and bottom 
plates were machined so as to produce pipe within the tolerance limits. 
After the inside form had been clamped into place, steel cylinder and 
reinforcing ‘‘cages’”’ were placed (Fig. 9). The cages were held rigidly 


Fig. 6—Base rings for 54- 
in. pipe. Man is point- 
ing to steam pipe, which 
conveys steam to interior 
of pipe during the curing 
process. 
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in position at the bottom by the joint ring fitting on the base ring and 
at the top by clamping the joint ring to the spider ring. 


While the forms were new they were reasonably tight and free from 
leakage, but after 6 months of usage the leakage at the bottom and 
along the vertical form joint or gate became excessive and caused un- 
sightly rock pockets which had to be pointed up and repaired (Fig. 10, 
11 and 12). With this style of steel forms and base rings, this leakage 
is inevitable, for the steel finally stretches due to the forces created by the 
tremendous vibration, and has to be heated and shrunk back into posi- 
tion. A steel-to-steel fit is not the solution to the problem, but some 
yielding gasket must be incorporated at the joints to prevent leakage 
during vibration (Fig. 13). 


Fig. 7—Spreader (spider) 
used to space the inner and 
outer forms and the rein- 
forcement at the top (spig- 
ot) end of the pipe. A 
cone sets over this to dis- 
tribute concrete as shown 
in Fig. 4, 8 and 22. 


Fig. 8—Cone in place for 
48-in. pipe over spreader 
shown in Fig. 7. Note 
vertical extension of out- 
side forms to prevent spill- 
over of concrete. 


— 
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Fig. 9 (left) Reinforcement, consisting of an inner cylinder and an outer cage is 
being installed for 54-in. pipe. Inside form has just been sprayed with form oil. 


Fig. 10—Grout leakage from the form gate and from the junction of the outside 
form and base ring was a problem. It was overcome by rebuilding the forms to in- 
corporate a rubber gasket seal at both the gate and the base ring. 





Fig. 11 —(left) Imperfection in pipe surface due to grout leakage from outside 
form at the gate section, described in Fig. 10. Similar disfigurement of the inside 
surface occurs at the gate of the inside form. 


Fig. 12—Close-up of base (bell end) of 48-in. concrete pipe before removal from 
base ring show effect of grout leakage from this area. 
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i 
| 
i 
4 Several features were developed by the contractors after many tem- 
porary expedients were tried for prevention of leakage at the bell (bottom) 
. end. Among the first trials were the attempts to caulk the base ring with 
; paraffin, heavy grease, and an asbestos compound. Because they either 
| developed a ‘‘creep”’ into the concrete or would become deformed during 
' 


vibration, they were of little value, and subsequently the forms were fin- ' 
% ally repaired to secure a tighter fit. The vertical joint, although a lap } 
fy: joint, ultimately developed leakage. A rubber gasket was developed 
RB at the Baldwin Park plant which eliminated the leakage as long as the 


gasket remained intact, but due to rough handling, it had to be replaced 

frequently and was pinched in between the angle irons of the gate shown 
A: in Fig. 14. 

The forms at El Cajon were made of three 4%4-in. steel plates welded to- 

r. gether transversely, with angle iron at the vertical joint. Those at 

: Baldwin Park were made in two different ways, of %4-in. steel plates some 

| welded longitudinally. and some transversely, with angle irons at the 
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Fig. 14—Details of clamping 
and expanding device for 
closing gate in outer form for 
concrete pipe, and to prevent 
rupture at top of pipe when 
stripping 





vertical joint. The two types of forms at Baldwin Park are shown in the 
sketch in Fig. 13. The longitudinally welded forms are preferable since 
they have no tendency to hold up the concrete at the welds as do the 
transversely welded forms. The contractor experienced considerable 
difficulty in producing pipe within the specification limits for shape, 
as the inside and outside forms tended to deform before stiffeners were 
welded to them. In several cases, this yielding brought the reinforce- 
ment too close to the surface and proper coverages had to be provided 
by a gunite coating. All the contractors have agreed that for the manu- 
facture of pipe by vibration, new forms should be designed of heavier 
gauge steel and with leak preventive features in the base rings and gates. 
The contractor at Baldwin Park experimented successfully with 24-ft 
forms without rearranging the vibrators or changing the methods adopted 
for the 16-ft forms. This success was probably due to the more careful 
placing methods and longer vibration periods. 
Reinforcing 

Two types of reinforcing were required, one for low head pipe (NC 
type), and one for high head pipe (C type). For non-cylinder (NC) 
pipe, two cages of steel hoops were required, spaced the required distances 
from’ the inside and outside faces of the concrete, depending on the size 
of the pipe. Each hoop was secured to the longitudinal bars. The inside 
longitudinal bars were welded to the joint rings which were held in their 
proper position and alignment during welding. The outside and inside 
cages were held the right distance apart by welding spacer plates at 
intervals between the longitudinal bars. Many difficulties were overcome 
before cages were properly assembled at Baldwin Park without ex- 
cessive and expensive hand welding. Each contractor perfected this 
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operation to a different degree, but used a cage winding machine, which 
wound a continuous wire or rod and spaced the hoops automatically at the 
proper distance. 

Cage winding machines 

These machines consisted of a revolving drum which held the longi- 
tudinal bars in place while the reinforcing wire, held in tension, was 
wound around the drum. The reinforcing steel for cage hoops came in 
large coils which were made continuous by a contact welding machine 
at Baldwin Park and by a lap weld at El Cajon. The hoop spacing was 
adjusted by varying the speed of the wire feeding carriage, which traveled 
along parallel to the drum (Fig. 15). The speed of the drum was syn- 
chronized with this carriage speed so that in slowing or starting the 
drum, the spacing remained constant. By means of the reinforcing 
schedule and the ingenious coil counter developed by Inspector Parish at 
Baldwin Park, the checking of the hoops in each cage became a simple 
routine matter (Fig. 16 and 17). Defects were quickly picked up and 
brought to the attention of the foreman, who eliminated the trouble at 
once. 

However, the two plants differed in their method of securing the 
coils to the longitudinal bars. The El Cajon plant had an automatic 
contact-welding device which spot welded each time the coil passed 
over the longitudinal bar. At Baldwin Park a group of welders with 
“stingers,’’ welded each hoop to the longitudinal bar in a predetermined 
welding pattern, At first these welders were inexperienced and the welds 
were either insecure or often half burned through the hoops, requiring 
much checking and repairing. Sometimes, when cages dropped into 
place they collapsed and had to be cut off. Considerable “tacking” and 
tying was required before the outside forms could be placed. 

Some transverse settlement cracks on the surface of the concrete were 
discovered, but these were soon entirely eliminated by changing the 


Fig. 15—Automatic con- 
tact welding machine in 
the foreground. The longi- 
tudinal bars are placed 
and held in position on 
brass contact bars of the 
wrapping drum. The shoe- 
like apparatus on the auto- 
matic welder rides on the 
coil as it is being wound 
and, upon making contact 
with the brass strip causes a 
very high current of elec- 
tricity to pass between the 
coil and the longitudinal 
rod, fusing them almost in- 
stantly. 
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welding pattern, for it was known that they were caused by sagging 
hoops. The welding pattern was not only changed but the amount of 
welding increased so that cages became entirely rigid even with rough 
handling, and no tacking or tying was required later. 

At Baldwin Park, the cage drum was so arranged that the joint rings 
could be clamped in place and the longitudinal bars welded to them, while 
they were on the winding drum. At El Cajon, the rings were added 
after the cage was made. Here a template was made for spacing and 
holding the rings and cage in place during welding. The outside and 
inside cages were assembled after they were fabricated. 

As previously mentioned, high-head pipe (type C, Fig. 18), required 
an inside steel cylinder of different gages for different heads, as well as 
different diameters and spacing of the reinforcement wound around the 
cylinder. Sheets of the proper gage were assembled and rolled into 
cylinders and welded, and the joint rings attached. In this operation, 


Fig. 16—Coil-counter used by 
navy inspectors checks number 
of hoops by sliding along the 
cage. 


Fig. 17—From left to right 
coil counter, vibrometer and 
vibrometer case. The coil 
counter is used to check the 
number of coils in each pipe 
length. The vibrometer is a 
variable-length, free-vibrating 
reed, calibrated in cycles per 
minute, and used by placing it 
against the outer im of the 
concrete pipe to ascertain the 
frequency of vibration being 
induced by the vibrators. 
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little hand work was required other than operating the machines. After 
the pipe cylinders were assembled, each had to be tested hydrostatically 
to a minimum pressure. This was accomplished by sliding them on the 
testing cylinders and clamping over the ends a bulkhead fitted with 
joint ring gaskets. A hydraulic pump raised the hydrostatic pressure 
to the required amount, leaks were marked, the pressure reduced and the 
leak sealed by electric Spot welding. The cylinder was again tested under 
pressure as a check and if satisfactory, was removed, marked and stored 
until it was assembled with the outer cages. 


Concrete mixes 

The specifications outlined aggregate grading requirements, but the 
grading of aggregate in the deposit and the great demand for materials 
at the time, made it almost impossible, according to the manufacturer, 


to secure materials within the specification limits for the plant at El’ 


Cajon. The sand was consistently coarse; the coarse aggregate con- 
tained undersize in excess of the specified limit. However, uniformity 
was improved by splitting the coarse aggregate into two sizes. By hand- 
ling the pea gravel between the No. 4 and %-in. screens separately, 
this frequent cause of harsh concrete, due to segregation in handling 
and the high percentage of rock fragments, could be better controlled. 
It will be noted, too, in Table 3, that about 0.2 bbl more of cement was 
required at El Cajon than at either the Baldwin Park or Southgate 
plants. This was because the shortage of fines in the sand increased 
the water requirement for the necessary slump, which was slightly higher 
than elsewhere to offset deficiencies in the vibration resulting from the 
inadequate and unreliable air supply at El Cajon. Sulphate-resisting 
cement, because it was a finer cement, gave increased workability, 
generally with less water, but because of its slower hardening, caused 
some concern during tipping after the 36-hour steam cure. However, no 
noticeable surface ruptures attributable to damage during tipping ap- 
peared. Table 3 gives the typical mixes, and the corresponding concrete 
compressive strengths for each contract. 


Concrete placing 


The 4-in. maximum slump allowed by the specifications was con- 
siderably drier than the manufacturers were at first prepared to work 
with, particularly at El Cajon. At the outset, the problem of placing 
4-in. slump concrete satisfactorily in the narrow space between the inside 
form and the reinforcing cylinder caused the manufacturers considerable 
concern. It was obvious that some mechanical operation would have 
to be worked out which would cause the concrete to flow through the 
narrow annular opening at the top and into the confined space, within a 
reasonable time. The project laboratory suggested that proper vibra- 
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TABLE 3—PRINCIPAL CONCRETE MIXES 


Aggregates—percent Cement Compressive 
each size strength 
: Water- 

NOy- 34- bbls | cement Age— 
Contract O-4 4-3g in. | Lin. | Type cu vd ratio psi days 

12498 38 10 52 II 1.45 | 0.58 | 4667 28 

12498 38 17 45 II 1.70 0.50 5695 28 

12575 38 12 50 II 1.50 0.56 4352 28 

12575 38 12 50 V 1.50 0.56 3367 28 

12575 38 12 50 V 1.50 0.56 5718 09 

12759 38 19 13 I] 1.70 0.51 4444 28 

12759 38 19 43 V 1.70 0.50 1159 28 

13095 10 12 48 Il 1.60 0.54 4789 28 

12 1S V 


13095 40 


1.60 0.51 3370 28 


72-hours steam cure 
12759 a 19 43 IT 1.70 0.51 3155 


tion and distribution of the flow of the concrete to all parts of the circle 
by means of a cone placed on the top plate would aid materially (Fig. 
4, 8 and 22). Development of this idea resulted in economy of time and 
labor in placing operations with considerably drier concrete than had 
been previously used. 


Because the placing of concrete was slow at the start of the program, 
the vibration was adequate to permit release of entrapped air, but as the 
speed of placing the concrete increased, air bubbles began to appear in 
increasing and objectionable numbers (Fig. 19 and 20). First one air 
vibrator was added to the two electric vibrators already in use. Then 
two air vibrators were used and the electric vibrators abandoned. Un- 
fortunately, the amount of air available in the yard at El Cajon was 
limited and when the vibrometer (Fig. 17) was used to check the speed 
of the vibrators, it became evident that the chief cause of the surface 
imperfections had been the reduction in speed of the vibrators, when other 
demands cut into the air supply. Extending the vibration time for each 
form was accomplished by placing the same amount of concrete simul- 
taneously in several forms, bringing the concrete up in shallow lifts in 
each form. Filling four forms at a time became the accepted method of 
achieving satisfactory results, provided related operations were up to 
standard. A 2-yd concrete bucket and mixer were provided, and this 
batch evenly distributed in the four forms raised the concrete about 
3 ft in the forms. The contractor tried a conveyor system of distributing 
the concrete from stationary hoppers set on the forms. This permitted 
the transferring bucket to unload quickly and return to the mixer, but 
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did: not speed placing operations and caused separation as the concrete 
was delivered, which resulted in rock pockets. 

At Baldwin Park, the cone distribution method developed at El Cajon 
was adopted at the beginning, and no difficulty was experienced with 
rock pockets or in securing satisfactory surfaces. Here a 2-yd mixer 
was used, but a 4-yd concrete bucket was used to convey concrete to the 
forms (Fig. 21). This bucket was opened and closed by an air valve 
operated by a man who rode on a platfom attached to the side of the 
bucket. He had a good view of the form being filled, could spot the 
bucket properly and discharge the right amount of concrete into each 
form. Because the forms were grouped, he could deposit enough con- 
crete to fill each form about 2 ft, and thus secure vibration for a longer 
period of time. There were four forms (Fig. 22) with adequate vibration 
within an easy reach. No other labor is required to place concrete in this 
manner. Because of the superior grading of the aggregates, concrete 
mixes at Baldwin Park were also more workable, although they con- 
tained less cement and had a lower slump. 

Settlement cracks and longitudinal surface cracks appeared during the 
summer months at El Cajon at the spigot end. However, adequate re- 
vibration and cooler weather eliminated them. All the surface defects 
that were encountered were generally eliminated by additional re-vibra- 
tion. It is safe to say that confined concrete of this consistency cannot 





Fig. 19—{Left) Inside surface of 72-in. pipe showing excessive amount of air- 
bubble imperfections due to occasional ink of sufficient vibration. 


Fig. 20—Typical inside surface obtained on 72-in pipe. The smaller pipes gen- 
erally have fewer air bubbles than the 72-in. size. 
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be over-vibrated. Vibration continued beyond a certain period gives 
little or no beneficial effect, but there has been no evidence of too much 
vibration. 


Vibration methods 

Since the specifications limited the slump of the concrete to a maximum 
of 4 in., some vibration method sufficient to release enough of the en- 
trapped air to prevent a pock-marked, air-bubble surface had to be 
worked out. The conventional revolving rod, used to smooth the sur- 
faces after the concrete forms were filled, had to be abandoned, because 
it was impossible to get this rod to rotate through this drier, well-con- 
solidated concrete. Most of the experimental work with vibration was 
done at the Southgate plant. The number and location of the vibrators 
was changed until the most effective vibration was secured. The loca- 
tion which proved best was about 5 ft from the bottom with vibrators 
attached to opposite sides of the forms away from the gate. 

At the outset, the conventional, 3600-rpm electric form vibrator was 
used. It became apparent that something was lacking in the vibration 
because an increase in the number of vibrators made little difference in 
results. Placing of concrete was slowed to permit the air to escape, in 
order to produce acceptable surfaces. It was then decided that not 
amplitude, but speed, was the answer. When air vibrators were attached, 
placing of concrete was speeded up, and surfaces were improved. Speeds 
up to 9000-rpm were obtained with 115 lb of air when vibrators were 
working properly. It was discovered that excellent pipe was produced 
when the vibrators operated constantly at a speed of over 8000 rpm. 
Fluctuating air pressure or damping of the vibrator due to freezing or 
mechanical failure was reflected noticeably on the surface finish. Periodic 
checks on the speed of the vibrators were made by the contractor and 


Fig. 21—Concrete being 
discharged from the 2- 
cu yd Koehring mixer into 
a 4-cu yd concrete bucket. 
Pneumatic cylinder oper- 
ates the discharge gate on 
the bucket. 
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Fig. 22—Placing concrete in 54-in. 
pipe. Concrete is being released on- 
to cone-sha distributors described 
in Fig. 8. Operator rides on a plat- 
form on the opposite side of the 
bucket. Note air hose between 
bucket and boom of crane. 





inspectors using the vibrometer shown in Fig. 17. Vibrators showing 
speeds below 6500 rpm were immediately removed and sent to the shop 
for repairs, since satisfactory results could be obtained at speeds ap- 
proaching 6500 rpm only when the rate of placing was slowed accord- 
ingly. This was particularly true for the heavily reinforced cylinder pipe. 
Each night all vibrators were checked and reconditioned for operation 
the following day. The efficiency of the vibrator was reflected in the 
surface appearance of the concrete (Fig. 19 and 20); few air bubbles 
were expelled when the speed of vibration was reduced. 


Fig. 23 and 24 show where the vibrators were installed on the forms. 
The vibrators were fastened to the forms by means of brackets welded 
to the skinplate of the outside forms. At first the brackets were too 
light, and vibration tore holes in the forms. Experimentation ‘was nec- 
essary to develop a suitable bracket, for it was found that some brackets, 
because of their shape and size, damped the vibrator and reduced its 
effectiveness. 


At El Cajon and Southgate, there was considerable protest from the 
surrounding neighborhood on account of the constant noise from the air 
vibrator exhaust. This was eliminated by placing a jacket over the 
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exhaust and directing it into a truck muffler (Fig. 23), in the same manner 
as on a motor vehicle. 


Initial curing 

Immediately following completion of the placing operations, steam 
curing began by inserting a l-in. pipe through the base ring into the in- 
side of the form where steam at the specified temperature of 120 F to 
150 F is permitted to circulate for the first 8 to 12 hours. A vent through 
the top form plate permitted a certain amount of steam to escape and 
prevented excessive temperatures. The outside remained exposed to 
atmospheric temperature until the forms were stripped. There was some 
concern at first, over the advisability of high steam temperatures on the 
inside and the lower temperatures in the outside. ‘Temperatures taken 
on the outside during the inside steaming ranged from 70 F to 90 F, 


Fig. 23—Truck muffler used 
to muffle high pitched 
sound exhaust from air 
vibrators at El Cajon plant. 
Two vibrators exhaust into 
a single muffler. Abate- 
ment of the noise has in- 
creased the efficiency of 
the workmen, decreased 
their irritability, and com- 
plaints from residents in the 
neighborhood have ceased. 


Fig. 24—General view 
showing brackets and 
mounted air vibrators used 
to consolidate the con- 
crete in the forms. There 
is another vibrator on the 
opposite side of each pipe 
The vibrators run continu- 
ously during placing and 
for about 15 minutes after 
the forms are filled. 
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while the inside ranged from 135 F to 165 F. It was thought at first 
that this temperature variation might set up internal stresses, but. it 
was decided that because of the plastic nature of the concrete at this 
early age, the concrete would not be seriously affected and no visual 
evidence of damage was apparent. After the stripping of the forms, 
each steam cabinet was placed over several pipe (as in Fig. 3) and the 
steam circulated around the outside as well as the inside of the pipe at 
the proper temperature. 


Stripping and tipping 

No difficulty was experienced at the El Cajon and Southgate plants 
in preventing the rupture of the concrete due to stripping. However, 
in the beginning at Baldwin Park, the outside forms, probably because 
of their newness, were not sufficiently expanded when loosened to prevent 
workmen from rupturing the outside edges at the top while they were 
being removed from around the pipe. To eliminate this the contractor 
installed a clamping and expanding device (Fig. 14) which forced the 
gate to open enough to provide plenty of clearance for the removal of 
the forms. After the forms were stripped, they were cleaned by brush- 
ing, only when surface peeling was discovered. Usually they were only 
coated with form oil by a long-handled air spray head which permitted 
the operation to be done from the ground. For convenience, a form oil 
line was laid parallel to the air, steam and water line along the base of 
the forms, so that air and oil outlets were available at convenient places 
along the full line of forms. 

After the period of steam curing, a specially constructed yoke was 
attached to each pipe to raise it vertically off the base as in Fig. 25. A 
padded hook, to which was attached another lighter line, was placed at 
the bottom as shown in Fig. 26, and the bottom lifted upward until 
the pipe became parallel to the ground. The pipe was lowered in this 
position onto skids and rolled into the storage yard. To avoid the 
laborious pushing required to move the pipe at El Cajon, the skids 
were given a slight slope so that one pipe rolled against another into 
position. At first 8 x 8-in. timbers were used to cushion the blow, but 
cracks appeared as some pipe hit with considerable force. Large truck 
tires were later used to cushion the blow and it is doubtful whether even 
this was adequate. In some cases, imprints of tires on the sides of the 
pipe indicated occurrence of tremendous pressure which may account 
for some of the cracking of the inside concrete lining in cylinder pipe 
from El Cajon. 

At Baldwin Park, pipes were moved by a tractor equipped with a 
hard-rubber roller bumper (Fig. 27), which provided an easier and less 
severe method of handling. This was particularly desirable at Baldwin 
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Park where a considerable amount of the slower-setting, sulphate-re- 
sisting cement was used. Fig. 28 illustrates loading operations at Bald- 
win Park. 


To check the approximate tipping strength of the concrete, every 
month each plant made a group of specimens in addition to the regular 
test specimens, which were made, stripped, and cured along with the 
pipe. For sulphate-resisting cement concrete, steam-cured only 36 hours, 
these strengths may have been dangerously low for tipping and hand- 
ling of pipe. Although tipping operations were inspected whenever 
possible, and the pipe checked for damage, none was found immediately. 
It is conceivable that due to the low strength of the concrete, it could 
have been cracked, and the cracks not detected until later, after a period 
of drying. No extensive cracking has been discovered; but some of the 
cracking observed might have been caused during handling, particularly 
in the pipe which received only 36 hours of steam curing. 


Curing and repairs 


The specifications provided for 72 hours of steam curing or 36 hours 
of steam curing plus 7 days of continuous water curing. At El Cajon, 





Fig. 25—{Left) First step in tipping pipe is to lift it vertically from base ring by 
means of this sling. 


Fig. 26—After the pipe is lifted as shown in Fig. 25 a padded hook is attached 


to the bottom edge. The pipe is tipped to a horizontal position by raising this 
hook, and then lowered to the skids. 











—- 
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Fig. 27—This tractor is 
used to push pipe about 
storage yard. Note hard- 
rubber roller bumper which 
prevents damage to pipe. 


Fig. 28—Two sections of 
54-in pipe are loaded on a 
tractor and semi-trailer, or 
on a tractor, semi-trailer 
and trailer combination, 
and transported to the job. 





72-hour steam curing was practiced due to the limited storage space 
available. At Southgate, 36 hours of steam curing was followed by 7 
days of continuous water curing. Water curing was accomplished at 
Southgate by placing lawn sprinkler heads inside and outside of the 
pipe; the sprinklers were turned on and off manually by a man assigned 
to the job each shift. At Baldwin Park, only the pipe cast Thursdays 
and Fridays received the 72-hour steam cure. The remainder received 
36 hours of steam cure plus an intermittent 7-day water cure. The 
occasional wetting was done by several men who dragged hoses around 
to outlets distributed through the yard. Because of the scattered storage 
of the pipe and the large area to be covered, no pipe received a con- 
tinuous water cure. The intermittent sprinkling was received by some 
of the pipe more than 7 days and less for others, since pipe in the same 
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locality varied in age and curing treatment, and the curing men did not 
know what was cured out and what was not. An attempt was made to 
cure this pipe with the approved white-pigmented sealing compound, 
but this was found to be dangerous and several pipes were destroyed 
because the tipping yoke slipped on the newly sealed surface after the 
pipe had been raised in the air. During the winter months, lack of water 
curing was not as serious as during the summer months because of the 
difference in climatic conditions previously explained. Hand sprinkling 
of large and scattered concrete surfaces has always been a source of 
trouble for the inspector and contractor. For this reason, specification 
of a 72-hour steam cure, without an alternate for water curing is con- 
sidered preferable. 


At El Cajon, in the early stages when vibration was not adequate to 
cope with the rate concrete was placed, as previously mentioned, rock 
pockets were found in about half the pipe made each day. These rarely 
extended deeper than the outside reinforcing cage but were often about 18 
in wide and 3 to 4 ft long, located 2 to 3 ft up from the bottom of the 
pipe. Rock pockets were chipped out and gunited as soon as the forms 
were removed, before steam curing began. 


Another cause of these imperfections, in addition to the lack of vibra- 
tion, was the operation of filling the inside wall of cylinder pipe, partic- 
ularly when concrete was placed too fast. This caused the coarse ma- 
terial to fall into the outside wall with insufficient mortar to insure good 
results without abundant vibration. The method was then changed to 
first placing 3 ft of concrete in the outside wall, with the inside wall re- 
ceiving a little concrete at the same time. Then the inside wall was 
filled to the top before the outside wall was completed. This procedure 
entirely eliminated the rock pockets at El Cajon. The Baldwin Park 
plant had no trouble with them whatever, probably due to better 
vibration. 


Small defects caused by leaky forms were relatively superficial, but 
were the principal shortcomings of an otherwise excellent pipe (Fig. 10, 
11 and 12). The severity of these imperfections is proportional to the 
extent to which the forms lack tightness. Repairs to these areas were 
made by hand rubbing and by the use of the mortar gun shown in Fig. 29. 
When tight forms were maintained, few such repairs were required. 
Plans are under way by both pipe manufacturers for the fabrication of 
new forms which incorporate a positive seal along the base and gates 
of the forms. A rubber gasket can be incorporated which will prevent 
both movement of the forms and loss of mortar from the concrete. 
Probably the cost of pointing up imperfections due to form leakage 
would largely pay the cost of the necessary refinements to make the 
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Fig. 29—Patching flaws in 
the pipe surface is done by 
means of a mortar gun. 


A mortar 


part cement to three of 
sand is used. 


consisting of one 





forms tight. Fig. 13 indicates some gaskets which might serve this 


purpose 


From 


CONCLUSIONS 


the observation of results and experience on this project, it is con- 


cluded that on future work it would be worthwhile and practicable to 


require: 


Form joints and base rings which are provided with a positive 
method of preventing mortar losses during heavy vibration. 
Re-vibration of concrete as late as practicable after completion of 
‘asting to take up and prevent settlement cracks. 

A minimum tensile strength of 100 psi before tipping (tested in 
standard briquettes of the mortar from the pipe concrete); or a 
corresponding strength in compression. 


No alternate to 72-hour steam cure. 


A 30-day limit for exposure to hot sun during summer months to 
prevent complete dryout and cracking. 

The 4-in. maximum slump which was the basis for the great 
improvement in quality obtained in the pipe for the San Diego 
aqueduct. 


It is considered that pipe made by vibration in the manner described 
is of better quality than the literally “poured” pipe because: 


1. 


It is made with a concrete containing more solids and less water 
per unit of volume than was used in former pipe. 


The surface is denser and contains fewer bubbles of air entrapped 
at or near the surface. 


There are fewer transverse (horizontal as cast) settlement checks 
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and cracks because the pipe is made of drier concrete of lower 
unit water content. 
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Strength and Slip Under Load of Bent-Bar Anchorages 
and Straight Embedments in Haydite Concrete* t 


By C. C. FISHBURNT 


Member American Concrete Institute 


a 
SYNOPSIS 
Steel bars, % in. in diameter, of three kinds, one plain and two de- { 
formed were embedded in Haydite aggregate concrete. The load and 
slip at the pull-out ends were observed for bent and straight anchorages 
of each kind of bar. For like slips and equal embedded lengths, the 
straight embedments of the deformed bars were stronger than the plain 
bent-bar anchorages. Differences in the lug height and lug-bearing 
area of the two deformed bars affected the relative strength of anchorages 
containing these bars. 
. 
INTRODUCTION 4 
The structural combination of steel reinforcing bars with concrete 
requires an exchange of load or stress between the steel and concrete. , 
The stress exchange, defined as bond, occurs between the contact sur- 5 
faces of the two materials and is of particular importance near the ends 
of the embedded bars. In addition to the inherent adhesion of concrete 
to steel, the bond between the two may be increased by deforming the : 
surface of the bars and by bending them so that bearing stresses may ' 
be developed. 
The tests described in this paper were made to determine the strengths 
and slip under load of anchorages consisting of either a bent or straight 
14-in, diameter round steel bar, either plain or deformed, embedded in . 
Haydite aggregate concrete. The variables in the investigation were 
the kind of bar, the dimensions of the bend and the length of embed- 
ment. The loads on the free ends of the bars and the slip or movement 
of the bars at their pull-out ends were observed. 
*Received by the Institute, March 20, 1047 9 
{National Bureau of Standards, Washington 25, D, C, 
(289) 
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MATERIALS 
Reinforcing bars 


The %-in. diameter round steel bars used in the specimens were of 
three kinds, a plain bar and two deformed concrete reinforcing bars. 
The deformed bars, designated as bars “A” and “B,” are illustrated in 
Fig. 1. Bar A was made of hard-grade steel, bar B of intermediate- 
grade, and the plain bar was hot-rolled from structural grade steel, 
The lug height of the bar A was about double that of bar B and the lug 
bearing area per unit of bar length was nearly three times that of bar B. 

The physical properties of the bars are listed in ‘Table 1. 

Cement 


The cement conformed with the requirements of Federal Specification 
-SS-C-206A, Cement; portland, moderate-heat-of-hardening. 
Aggregates 

Coarse and fine Haydite, consisting of burned clay aggregates made 
at the Mast St. Louis plant of the Hydraulic Press Brick Co., and Potomac 
River concrete sand, were used as aggregates. The bulk specific gravities, 
absorptions, (saturated surface dry) and the results of sieve analyses 
of the aggregates are listed in Table 2. The values in ‘Table 2 were 
determined by the Public Roads Administration, Washington, D.C. 


W AW Bin GF BS oy > 
DD him, OP hihi lily AY A Pine My, 


~~ 








Fig. 1—Deformed reinforcing bars. Bar A, top, had a much greater lug height 
and lug-bearing area than bar B. 
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Concrete 

The concrete contained about 9! sacks of cement per cu yd and was 
designed to have a minimum compressive strength of 5,000 psi. The 
combined aggregates were proportioned by solid volume to contain 50 
percent of dry, coarse Haydite, 35 percent of dry, fine Haydite, and 15 
percent of surface-dry Potomac River Sand. 

The first of two shipments of aggregates was used in making concrete 
I for specimens containing the plain bars. The second shipment was 
used in conerete Il for specimens containing bars A and B. The pro- 
portions by weight of the concretes are given in Table 3.) An admixture 
which increased the workability of the mix, and retarded the set of the 
coneretes, was added in the proportion of 44 Ib to one bag of cement. 
The weight of the fresh concrete was calculated from the weight and 
absolute volumes of the ingredients. The weights obtained in this manner 
were 102 and 100 Ib per cu ft for concretes | and IL respectively. 

Preparatory to use in the concrete, the Haydite aggregates were im- 
mersed for two days in water and then drained under cover in a humid 
atmosphere for one day. The concrete was mixed for 146 minutes in 
& pan mixer having a capacity of 24 cu ft. The average slump of the 
concrete | was 4.5 in.; that of concrete IL was 3.9 in, 

Three 6 x 12-in. concrete reference cylinders, each placed and rodded 
in three layers, were cast for every group of four anchorage specimens. 
The cylinders were cured with the specimens and their average 28-day 
compressive strength was 5,900 psi. There was no appreciable difference 
in the strength of cylinders made of the concretes | and I. 


SPECIMENS 
Bent bars 


The nominal angle of bend of the bent bars was either 90, 135, 180, 
225, or 270 degrees, as shown in Fig, 2, Bars of the 90, 135, and 180 


TABLE 3-—-PROPORTIONS, BY WEIGHT, OF CONCRETES” 





Material |+ iat 
Portland cement | | 
Coarse Haydite, dry 0.65 0.54 
Fine Haydite, dry 56 A 
Conerete sand, dry AN AO 
Admixture, . 0.0053 0.0055 
Water’... AY fi 


| 


“The combined naarenates were proportioned to contain 50 percent, by solid volume, of dry conree 
Haydite, 45 percent of dry fine Haydite, and 15 percent of surfaceadry Potomac Hiver concrete sand 


*Used in specimens containing plain anchorages 
*Uned in specimens containing deformed bars A and I 
4Added water plus surface water, does not include absorbed water in the aggregates 
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degree bends were made to nominal outside radii of 1, 149, 240, or 346 
in. Bars of the 225 and 270 degree bend were made to radii of 1'o 
or 2'5 in. The nominal length of extension beyond the bend was 0, 
2, 4, 6, or 8 in. Not all of the possible different combinations were 
made, and there were a total of 44 different bends represented for each 
of the three kinds of steel bar. 


90° Bends 135° Bends 180° Bends 


(iN 








Bors No. | fo /2 ‘ Boars No./3 fo 24 Bars No. 25 fo 36 
(101i 3lVve j (riclu3/ve (nc/usive 
225° Bends 270°" Berds 


A 











Sars No. 37 fo FO Boars No. 4/ fo 44 
1C1 SVG (11C/u31Ve 


Fig. 2—Bent-bar anchorages. The variables between the individual bars in 
each group were the radius of bend or the length of extension beyond the bend. 


The observed dimensions of the bent bars* 


differed considerably in 
most cases from the nominal, ‘The radius of bend for any one specimen 
usually varied from a maximum at the point of curvature to a minimum 


near the end of the bend, 


Straight bars 
The embedments of the straight bars A and B were 2, 4, 7 and 14 in, 
17 


long. The embedments of the straight plain bar were 2 an in, long. 


Anmembly and construction 
Mach of the bent bars and the 2-, 4-, and 7-in, embedments of straight 
bars were cast ina 7 x Ox Id4dein, rectangular concrete prism containing 


*The observed dimensona of the bent bare, the loads at alipe of 0.0005, 0.001, 0.0085, 0.0086, 0.01, O08 
it, the toasimium loads and the alip at the toaximum loads are listed in tabular form for each kind of bar 
Vheae tables are available from the Inatitute office at the ooat of reproduction 
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BOTTOM VWIEW 


Fig. 3—Bent-bar anchorage specimen with embraced bar, The specimens without the 
embraced bar were similar. 
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a steel grid in each of two opposite faces. The 14-in, long straight bars 
were cast in 14 x 9 x 14-in. prisms. The bent-bar anchorage specimens 
were made in duplicate. Usually four, but in some cases three specimens 
were made for each length and kind of straight-bar anchorage. 

The alignment of the bent bars and steel grids in the bent-bar anchor- 
age specimens was as shown in Fig. 3 and 4. As indicated, the grid was 
tangent to the bend at its vertex. The straight portion of the bent bar 
at the pull-out end (d, Fig. 3) was bonded with the concrete for a nominal 
distance of 2 in. from the theoretical point of curvature. The actual 
lengths of the straight embedded portions (d,) were usually less than 2 
in. Bonding of the remaining straight portion at the pull-out end, 
within the specimen boundaries, was prevented by the use of a sleeve 
inserted in the form, 





Fig. 4—Plain bent-bar anchorage specimens 34-A and 34-B, before concreting. A plain 
bent-bar with attached wire is shown above the forms. 


One of each pair of plain bent-bar anchorage specimens had a grid 
bar embraced in the bend (ig. 4). There were no embraced grid bars 
in the bent-bar anchorage specimens containing the bars A or B, 

A wire with a short bend at one end was soldered into a shallow hole 
in each anchorage bar at the upper end of the sleeve opening in Fig. 3. 
These wires, protected by sleeves to prevent bonding to the concrete, 
protruded from the specimens opposite the pull-out faces and were used 
during the tests to measure slip. 

The specimens were cast with the bars lying in a horizontal plane 
and with the open end of the form, Fig. 4, facing upward, The concrete 
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was placed in two equal lifts and each layer of the concrete was vibrated 
for 15 seconds with an immersion-type spud vibrator having a frequency 
of about 10,000 cycles per minute. The anchorage specimens were 
removed from the forms the day after casting and were placed in damp 
storage at a temperature of 70 F until 26 days old. They were then 
stored in air at room temperature until tested at the age of 28 days. 


TESTING THE SPECIMENS 


The anchorage specimens were supported on a rubber-padded steel 
plate mounted on a spherical bearing head in a hydraulic testing machine 
as shown in Fig. 5. The pull-out end of the anchored bar passed through 
a hole in the center of the spherical bearing and was held by the lower 
tension grips. A micrometer dial was held in contact with the wire 
fastened to the anchorage bar at the pull-out end. The load was con- 
tinuously increased at the rate of 1,000 lb per minute and the slip of 
the anchorage was noted at different loads. When the load on the 
bars stressed them to the yield point, the rate of travel of the head of 
the testing machine was not permitted to exceed 0.25 in. per minute. 

The tests of specimens containing deformed bars were continued until 
either a slip of 0.2 in. was observed or the stress approached the tensile 





Fig. 5—Bent-bar anchorage specimen 32-B, bar A, ready for test 
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strength of the bars. Many of the tests of specimens containing the 
plain bars were discontinued after a maximum load was attained. 


TEST DATA 
Bent-bar anchorages 


After the tests the specimens were examined, some were cut open, 
and the condition of the concrete was noted. There was some shearing 
and crushing of the concrete between the lugs of bars A and B at the 
pull-out ends of the bars and the crushing was most extensive in speci- 
mens containing the bars A. The concrete above the grids in the tops 
of some specimens containing 90-degree bends with short extensions 
was cracked and spalled during the tests. This type of failure was 
caused by an outward pressure exerted by the unloaded ends of the bars 
against the concrete cover over the grids and was common to specimens 
containing all three types of bars. There was no other crushing or 
splitting of the concrete noted. 

Some of the deformed bars were marked with reference points and 
the changes in length of the embedded portion was observed by measure- 
ments made before and after the tests. The elongation of the bars was 
observed to occur in the straight portions at the pull-out ends of the 
bars, (portion d,, in Fig. 3) in those specimens that were loaded above 
the yield-point. The elongation of d, averaged about 5 percent for 
bar A and 3 percent for bar B. There was no elongation noted in the 
curved portions or in the extensions, (portions d, and d; in Fig. 3) of 
the bent bars. <A slip between the concrete and the unloaded ends of 
the deformed bars was observed in those specimens in which the em- 
bedded lengths of the bars was less than 7 or 8 in. but no crushing was 
evident at the unloaded ends. 

The average and range of the loads on the bent-bar anchorages for 
slips up to 0.02 in. are shown in Fig. 6. Each curve in the figure re- 
presents the mean load carried by all of the bent-bar anchorages for one 
type of bar, irrespective of the length of embedment or of the kind of 
bend. The rectangles, drawn on the ordinates to the different values of 
slip show the range of the loads, which was least for the specimens con- 
taining the bar A and greatest for those containing the plain bar. 

The loads on the bent-bar anchorages containing deformed bars were 
not greatly affected by the lengths of embedment that were tested. 
The strength of specimens containing bent-bars of bar B having 180- 
degree bends of short radii were below the average strength of all of the 
specimens. 


The loads carried by anchorages of plain bent bars with a grid bar 
embraced in the bend, Fig. 4, were much higher in a few cases than for 
comparable anchorages without the embraced bar. As a result, the mean 
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Plain bar 
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Fig. 6—Loads carried by bent-bar anchorages at different slips 


load for the former was 10 percent greater than for the latter. However, 
the loads on the embraced bar specimens were not consistently higher 
and it is considered that the use of the embraced bar had no important 
or significant effect on the strength of the plain bent-bar anchorages. 


Straight embedments 


The loads on specimens containing straight embedments of all three 
types of bars are listed in Table 4 for the same values of slip for which 
the loads on bent-bar anchorages were observed. The yield point of 
the steel, Table 1, was developed on all of the 7- and 14-in. embedments 
of the bar A, on half of the 4-in. embedments of the bar B, and on all 
of the 7- and 14-in. embedments of the bar B. The yield point of the 
plain bar was not developed on the 7-in. embedments. 


Measurements were made from reference points placed on the bars 
A and B in some straight-bar embedments. There was no elongation 
of the 2- and 4-in. embedded lengths of the bar A, and the average 
elongation of both the 7- and the 14-in. embedded lengths of the bar A 
was equal to 0.16 in. These data indicate that the 2- and 4-in. straight 
embedments of the bar A failed in bond and that, at maximum load, 
most of the elongation of the 14-in. embedded lengths of the bar A 
occurred in the first 7 in. of embedment. The elongation of the 4-in. 
embedded lengths of the bar B that were loaded above the yield point, 
and of the 7- and 14-in. embedded lengths of this bar were, respectively, 
0.03, 0.13, and 0.18 in. It is probable that more than the initial 7 in. 
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at the pull-out ends of the 14-in. embedments of the bar B were stressed 
beyond the yield point. 


Coefficient of variation 


The coefficients of variation for the loads on bent-bar anchorage 
specimens and on straight embedments are listed in Table 5 for loads 
at a slip of 0.005 in. and for maximum load. The standard deviation, 
from which each coefficient of variation was determined, was calculated 
from a group of short series of like observations.* 


TABLE 5—COEFFICIENTS OF VARIATION OF LOADS ON BENT-BAR 
ANCHORAGES AND STRAIGHT EMBEDMENTS 


| Coefficient (percent) of variation of loads at: 
Kind of bar Type of 


anchorage Slip of 0.005 in. Maximum load 

Bar A bent 9 { 
straight 7 4 

Bar B bent 11 3 
straight 22 7 

Plain bar | bent 16 1] 
straight 


The data, Table 5, show that the differences between the loads on 
similar specimens were high. The loads corresponding to a slip of 0.005 
in. were below the yield-point loads of the steel bars and the correspond- 
ing coefficients of variation were higher than those for maximum load. 


DISCUSSION OF TEST DATA 
Relation between loads on straight embedments and length of embedment. 

The following equation, based on the data in Table 4, gives an empirical 
relation between load at a given slip and the length of straight em- 
bedments: 

L = P(i—e*).... SANS ORE To te AO re | 


In this equation: 


L = the load, in pounds, at a given slip, on a straight em- 
bedment of length d. 
P = the load, in pounds, at a given slip, on a straight em- 


bedment of infinite length. 


d = the embedded length, in inches. 
b = a constant for a given slip and kind of bar. 
e = 2.718. 


*Deming, W. E., Birge, R. T., ‘Statistical Theory of Errors.”” Reviews of Modern Physics 6, iq. 69 
(1934). 











STRENGTH AND SLIP OF BENT-BAR ANCHORAGES 301 


The values of P and b which were substituted in Eq. (1) to give the 
relation between load and embedded length are listed in Table 6. These 
values were arbitrarily selected to fit the data obtained from the tests on 
the straight embedments, for loads below the yield point loads. The loads 
‘alculated from the constants in Table 6, and the observed loads, listed 
in Table 4 and obtained from tests of the 2-, 4-, 7-, and 14-in. straight 
embedments, are shown in Fig. 7 and 8 and are in fair agreement for 
loads below the yield point. When the loads exceed the yield point of 
the bars, the equation becomes inapplicable. However, the calculated 
and observed maximum loads check closely for lengths of embedment 
up to 6 or 7 in. 

The relations between loads at and above the yield point and lengths 
of embedment greater than 7 in. are shown in Fig. 7 and 8 by straight 
broken lines which are prolonged to an intersection with the correspond- 
ing solid lines representing the calculated loads. The figures clearly 
show an abrupt change in the load-embedment relationship at or near 
the intersection of these lines. It is unlikely, however, that this change 
is as abrupt as shown. 

A comparison of the bonding effectiveness of straight embedments 
of bar A and of bar B may be obtained from Fig. 7 and 8 for slips up 
to 0.005 in. For example, the calculated embedded lengths necessary 
to develop a load of 4,000 Ib at a slip of 0.0025 in., on straight embed- 
ments of the bars A and B, were 3! and 8 in., respectively. Although 
only two types of deformed bars were tested, the comparison shows the 
importance of lug height and lug bearing area on bonding effectiveness. 
Ratio of loads on straight-bar embedments to those on bent-bar anchorages 

Deformed bars A and B—Ratios of the loads on straight-bar embed- 
ments to those on bent-bar anchorages of the same embedded lengths 
and kind of bar were calculated by comparing the loads on the embed- 


TABLE 6—VALUES OF P_AND b FOR DIFFERENT SLIPS 
AND MAXIMUM LOAD IN THE EQUATION 
L = P(1—e*) 


Straight embedment Straight embedment 

specimens containing specimens containing 
Slip, in. bar A bar B 

P, lb b P, |b bh 
0.0005 1,600 0.25 1,300 0.35 
0.0010 2,600 0.35 2,100 0.45 
0.0025 5,200 0.43 +, 200 0.38 
0.0050 & 400 0.46 6,900 0.29 
0.010 32,000 0.10 10,100 ().27 
0.020 34,000 0.10 14,650 0.20 
Max. 34,000 0.10 32,750 0.09 


load 
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Fig. 7—Loads carried by straight embedments of bar A. The solid curves show the loads 

corresponding to the empirical Eq. (1). The dots show average observed loads. The 

average observed loads carried by bar A bent-bar anchorages at the maximum load 
and at slips of 0.001, 0.005 and 0.01 in. are shown by dotted lines. 
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ments (Fig. 7 and 8) with the test data for the anchorages. These 
ratios, not tabulated, ranged from a value of about 0.7 for slips of 0.0005 
in. on the shorter anchorages to near unity for loads exceeding the 
yield point on the longer anchorages. The strength of the straight em- 
bedments and the loads carried by the bent-bar anchorages at slips of 
0.001, 0.005, 0.01 in. and at maximum loads are illustrated in Fig. 7 
and 8 for the bars A and B respectively. The dotted lines in these figures 
represent an average of the loads on all of the bent-bar anchorages, 
irrespective of the shape of bend. 

In general, the superiority of the bent-bar anchorages over the straight- 
bar embedments tended to decrease with increase in slip and with in- 
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Fig. 8—Loads carried by straignt embedments of bar B. The solid curves show the loads 
corresponding to the empirical Eq. (1). The dots show average observed loads. 

The average observed loads carried by bar B bent-bar anchorages at the maximum load 
and at slips of 0.001, 0.005 and 0.01 in. are shown by dotted lines. 
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crease in embedded length. At loads above the yield point and at 
maximum loads, there was little difference in the strengths of the straight 
and bent-bar embedments of equal lengths. The data indicate that bend- 
ing of the ends of deformed bars may not be economically warranted 
when straight embedments can be utilized. 


Plain bars—The data obtained from tests on bent-bar anchorages and 
straight embedments of the plain bar, clearly show that the bent-bar 
anchorages were much stronger in bond than were the straight embed- 
ments. They emphasize the necessity of bending the ends of plain bars 
to obtain proper anchorage bond. 


Straight embedments of bar A and bent-bar anchorages of bar B and 
the plain bar—The average of the ratio of the loads on straight embed- 
ments of the bar A to the loads on bent-bar anchorages of the bar B 
and of the plain bar were calculated* for equal embedded lengths at 
slips of 0.0005, 0.001, 0.0025, 0.005, 0.01, 0.02 and at maximum load. 
At slips of 0.0005 and 0.001 in., the average ratio between straight 
embedments of the bar A to bent-bar anchorages of the bar B was 1.1. 
At slips of 0.0025 in. the ratio was 1.2 and at slips of 0.005, 0.01 and 
0.02 in. it was 1.3. At maximum load the average ratio was 1.2. The 
loads on straight embedments of the bar A average 230 percent of those 
on bent-bar anchorages of the plain bar at all slips up to and including 
maximum load. 


The greater lug height and lug-bearing area of the bar A enabled the 
straight embedments of this bar to have a greater bonding effectiveness 
than the bent-bar anchorages of the bar B and of the plain bar. 


SUMMARY AND CONCLUSIONS 


Load tests were made on anchorage specimens consisting of a straight 
or of a bent -in. diameter round steel bar embedded in a rectangular 
prism of Haydite aggregate concrete. The prisms were reinforced with 
steel grids placed in two faces. Two kinds of deformed concrete rein- 
forcing bars and a plain hot-rolled bar were tested. The slips of the 
bars at the pull-out ends, and the corresponding loads, were observed 
on 44 different kinds of bent-bar anchorages, and on several lengths of 
straight embedments, of each kind of bar. 


During the test, the 84-in. concrete covering over some of the 90- 
degree bends was cracked and spalled above the grid. The failures 
were common to all three kinds of bar and occurred in specimens con- 
taining anchorages with short radii and with extensions beyond the 
bend of only 1 to 2 in. 


— 


, *The ration are listed in tabular form and are available from the Inatitute office at the coat of repro 
duction, 
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The concrete between the lugs at the pull-out ends of deformed bars 
was sheared and crushed. There was no crushing between the lugs at 
the unloaded ends of the longer straight embedments or of the bent 
anchorages, and there was little or no slip observed at the unloaded 
ends of the deformed bent bars having embedded lengths greater than 
7 or 8 in. 

The following conclusions were reached: 

1. For a given slip, the load supported by the bent-bar anchorages 
containing deformed bars was not greatly affected by the length of 
embedment. 

2. The anchorages of plain bent-bars were much stronger in bond 
than were the plain straight embedments, and the data show the necessity 
of bending the ends of plain bars. These anchorages were weaker than 
the straight embedments of deformed bars. 

3. For like slips and for loads below the yield point of the steel, the 
loads carried by the bent-bar anchorages of deformed bars were slightly 
greater than those carried by the straight embedments of the same kind 
of bar. In general, the superiority of the bent-bar anchorages over the 
straight embedments tended to decrease with increase in slip and with 
increase in embedded length. At maximum load, and for like slips at 
loads above the yield point, there was no appreciable difference in the 
loads supported by either the bent- or straight-bar anchorages of the 
same length and kind of deformed bar. 


1. For like slips and equal embedded lengths, the straight anchorages 
of the bar A usually supported considerably greater loads than did the 
bent and straight anchorages of either the bar B or of the plain bar. 
The lug height and the lug-bearing area of the bar A were considerably 
greater than those of the bar B, and these differences were responsible 
for the greater bonding effectiveness of the bar A at loads below the 
vield point loads for both bars. 
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Strength and Slip Under Load of Bent-Bar Anchorages 
and Straight Embedments in Haydite Concrete” 


By C. J. POSEY and AUTHOR 
By C. J. POSEYT 


Comparisons of reinforcement bar anchorages by means of pull-out 
specimens should be based upon slip measurements made at the loaded 
end of the embedment and should be restricted to load values correspond- 
ing to small values of this slip. Comparisons based upon load alone are 
actually misleading. Fortunately the author has recognized these facts, 
often overlooked by experimenters, and has obtained results that should 
help to clear up current misconceptions about end anchorage. 

The technic employed by the author to obtain his loaded-end slip 
measurements is very similar to that used by the writer in’ previous 
investigations.[ The writer fastened the indicating wire into the bar 
by peening instead of soldering and protected the bend of the indicating 
wire, Which has to be free to move relative to the concrete, with a wad 
of well-masticated chewing gum. The author does not mention his solu- 
tion to this problem. 

The author’s method of representation of results, as in Fig. 7 and 8, 
his derivation of an empirical relationship between load at a given 
slip and length of straight embedments, and his technic of marking 
reference points on embedded bars, with subsequent determination of 
elongation along the embedment, all seem to the writer to be improve- 
ments which should be included in future investigations. 

The author groups all bent-bar anchorages together, stating only that 
“the strength of specimens containing bent-bars of bar B having 180- 
degree bends of short radii were below the average strength of all of the 


*ACL Jounnan, Dee. 1947, Proce, V. 44, p, 280. 
(College of haineering, State University of Lowa, lowa City, 


tVoney, C. J., “Reinforcement Bar Anchorages in Concrete’, unpublished thesia, University of Llinoia, 
1027, 
Poney, ©. Testa of Anchorages for Reinforcing Bara", University of Towa Studies in Engineering, 
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specimens.”” No mention is made of the splitting in the plane of the 
bend which almost invariably occurs when the radius of bend is less 
than five times the diameter of the bar. Possible explanations of the 
lack of such splitting in the author’s tests might be the heavy transverse 
reinforcing, including in some cases an “embraced bar,’ the unusual 
aggregates of the concrete mix, or both. 

If more specimens of each bent-bar achorage had been tested, grouping 
together would not have been necessary, and more might have been 
learned concerning the important factor of variability. ‘hat this factor 
was noticed, if not studied, is shown by the author’s statement that 
“the loads carried by anchorages of plain bent bars with a grid bar 
embraced in the bend, Fig. 4, were much higher in a few cases than for 
comparable anchorages without the embraced bar.’ In the second of 
writer’s investigations previously referred to it was found that the 
amount of variability varied from design to design. This made it 
necessary to test a larger number of specimens than originally planned. 
Enough results for a statistically reliable quantitative evaluation of the 
variability of each design were not obtained, though the trends were 
definitely established. To summarize briefly, it was found that the initial 
load-slip ratio (or load carried at small slips) was higher the larger 
the radius of bend, on the average, though the straighter embedments 
had greater variability. This leads to the conclusion that a straight 
embedment made sufficiently long to develop the yield point stress of 
the bar is better than any other cast-in-place anchorage. 

Finally, the writer would like to suggest that a bar having an optimum 
balance of bearing and shearing areas might be economically manu- 
factured by winding and at the same time welding a suitably shaped 
wire around the bar. This method would lend itself especially well to 
preliminary investigation since the balance of areas could be easily 
varied by changing the shape of the wire and the pitch of the spiral 
of the winding. 


AUTHOR'S CLOSURE 


The problem of preventing a bond between the indicating wire and 
the concrete in each specimen was met in the following manner. A 
drinking straw was slipped over the wire protecting it from the concrete 
except at the bend in the wire. The bend in the wire was protected 
by placing a smal! amount of heat-resistant grease (Dixon’s) around it. 
This grease was also used to seal the end of the metal sleeve through 
which the pull-out end of the bar protruded. 

There was no splitting in the plane of the bend noted on the outside 
of any of the bent-bar specimens. The concrete above the steel grid 
was spalled in some specimens containing 90-degree bends. 
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The data were not thoroughly studied to determine the possible 
effects on strength of variation in angle of bend and of radius of bend. 
The bent-bar specimens were made in duplicate and coefficients of 
variation between the loads in duplicate specimens were high. As 
pointed out by Professor Posey, it is probable that a large number of 
like specimen tests would be required before significant data on these 
factors could be obtained. 
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SYNOPSIS 
| This report of Committee 604 proposes standard methods of cold- i 
weather concreting for thin sections and mass concrete. Heating of | 
materials, accelerators and anti-freezes, curing and temperature records ; 
during curing, subgrade (or base) preparation, protective coverings | 
during curing and form removal are discussed for both types of job, 
and preferred methods are indicated. An appendix entry outlines ob- : 
jectives of the special winter methods with background material which d 
indicates the “why” of some of the recommended practices. Charts in . 
the appendix indicate effect of curing temperature on concrete strength, | 
and a list of 135 selected references to periodical literature on winter } 
concreting methods is included. : 
RECOMMENDED PRACTICE FOR COLD-WEATHER CONCRETING 
FOR BUILDINGS, PAVEMENTS AND OTHER THIN SECTIONS 
Temperature at which protection is required } 
Planning for cold weather should be done well in advance of its oc- : 
, . . . e 
currence. When experience or weather records indicate that low temper- 
atures are probable, a plan for protecting all conerete at early ages should 
be decided upon and the necessary special equipment and materials f 
provided at the site of the work before the low temperatures occur. ( 
* Released for publication and discussion by the Standards Committee with view to consideration for : 
adoption at the 44th Annual Convention, Denver, February 23-26, 1047. - 
tProxy for Charles . Wuerpel during the latter's absence in Argentina 
(309) 
‘ 
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Whenever it is anticipated that the air temperature at the point of 
placement is likely to fall below 40 F during the 24-hour period after 
placing concrete or below 30 F during the succeeding 6 days, it is reeom- 
mended that protective measures be taken as outlined in the following 
paragraphs. 


Heating of materials 


For air temperatures not lower than 30 IF, the mixing water should be 
heated to bring the temperature of the concrete at the mixer to between 
50 F and 80 F or, alternatively, for small jobs only, (less than 20 cu yd 
of concrete) the concrete may be heated by means of a torch inside the 
mixer. 

For air temperatures of from 30 F to 0 F both the water and the fine 
aggregate should be heated to bring the temperature of the concrete at 
the mixer to between 50 F and 90 F. Only coarse aggregate that is free 
from frozen lumps should be used. 

For air temperatures below 0 F the water, the fine aggregate and the 
coarse aggregate should all be heated to eliminate frost and to bring the 
temperature of the concrete at the mixer to between 50 F and 90 F 

Mixing water should be heated under such control and in sufficient 
quantity so that appreciable temperature fluctuations from batch to 
batch are avoided. To avoid flash set where either aggregates or water 
are heated to a temperature in excess of 100 F, the loading of the mixe: 
should be in such sequence that the cement does not come in contact 
with such hot materials. 

Aggregates should be heated in.a manner such that frozen lumps, ice 
and snow are eliminated and overheating or excessive drying is avoided 
At no point should the aggregate temperature exeeed 212 F and the 
average temperature of an individual batch of aggregate should not 
exceed 150 F. The use of steam coils is recommended for heating 
aggregate, but for small isolated jobs, aggregates may be thawed by 
heating them carefully over culvert pipes in which fires are maintained. 

When aggregates in stock piles, cars or trucks are thawed or heated 
by means of steam coils, the exposed surface should be covered with 
tarpaulins as much as practicable to maintain a uniform distribution of 
heat and prevent the formation of frozen crusts. 


Accelerators and anti-freeze compounds 

The use of small amounts of additional cement or accelerators such as 
calcium chloride to accelerate the hardening of the concrete at low 
temperatures (above 32 F) may be permitted but the use of large amounts 
of additional cement or more than 2 percent of ealetum chloride to 


acéeelerate the hardening of the concrete or to secure higher than normal 
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strength at early ages should be permitted only after careful consider- 
ation of the possibility of future injurious effects. 

The use of salts, chemicals or other foreign materials in the mix to 
lower the freezing point of the concretes should not be permitted. 

Curing temperature 

Newly placed concrete made with normal cement should be kept at 
a temperature of not less than 50 F for 7 days or not less than 70 F for 
3 days. It is good practice to maintain a temperature of at least 40 F 
for the next 4 days. At the end of the curing period artificial heating 
should be discontinued and housings removed in such a manner that the 
fall in temperature at any point in the concrete will not exceed 40 F 
in 24 hours. 

Concrete made with high early strength cement should be kept at 
not less than 70 F for 2 days or not less than 50 F for 3 days. 

The surface temperature of the hardened concrete should not be per- 
mitted to exceed 100 F at any time during the curing period. The 
methods of protection and curing should be such that the loss of moisture 
from the concrete is not excessive during the curing period. 

Temperature records 

A permanent record should be kept showing the date, hour, outside 
air temperature and temperatures at several points within the enclosure 
and at the concrete surface to show the highest and lowest temperatures 
of the concrete surface. The use of thermometers embedded in the 
concrete surface is suggested. Thermometer readings should be taken 
at the start of the work in the morning and again in the late afternoon. 
The data so obtained should be recorded in such a manner that the 
location of each reading and any conditions which might have an effect 
on the temperature will be shown. A copy of the temperature record 
should be preserved for future reference. 


Preparation before concreting 

Before concrete is placed in any form or around any reinforcement or 
on any surface, all ice, snow and frost should be completely removed 
and the temperature of all surfaces in contact with the conerete raised 
above the freezing point. No conerete should be placed on a frozen 
subgrade or on one that contains frozen materials. 


Protection 

Arrangements for covering or housing the newly placed concrete 
should be made in advance of placement and should be adequate to 
maintain in all parts of the concrete the temperature and moisture con- 
ditions recommended in the pargraph on curing temperatures. When 


air temperatures do not fall below 30 F, artificial heat will not be re- 
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quired for pavement, sidewalks or other flat slabs on the ground if the 
surface is well protected. Such protection might consist of insulating 
mats or the covering of the surface with canvas on top of at least 8 in. 
of loose hay or straw placed as soon as the concrete has hardened 
sufficiently to permit the application without damage. For lower temper- 
atures, sufficient well distributed artificial heat should be provided inside 
the coverings or enclosures around the concrete to maintain a temper- 
ature of the concrete surface of 40 F or above at the coldest point without 
exceeding 100 F at the hottest point. 

Housings may be made of wood, canvas, Sheetrock, Celotex, Sisal- 
kraft, tarred paper, plywood or other suitable materials, as long as they 
are reasonably tight and safe from wind and snow loading. Housings 
should be built with fire resistant construction as far as practicable. 
Adequate fire fighting apparatus should be furnished in easily accessible 
locations wherever enclosures are constructed. Attendants should be 
maintained on the job at all times to provide continuous operation of 
heating units. 

In placing floor slabs, tarpaulins or other readily moved coverings 
supported on horses or framework should follow closely the placing of 
the concrete so that only a few feet of finished slab is exposed to the 
outside air at any one time. Such tarpaulins should be arranged so that 
heated air can be circulated freely on both top and bottom of the slab. 
Layers of Celotex placed directly on the concrete have also been found 
to be effective in preventing freezing. 

Housings and enclosures should be left in place for the entire curing 
period specified except that sections may be temporarily removed as 
required to permit placing additional forms or concrete, provided they 
are replaced as soon as the form or concrete is in its final position. 


Removal of forms 

Supports for concrete’ members should remain undisturbed until the 
concrete has attained sufficient strength to sustain its own weight in 
addition to any temporary or permanent load that may be placed upon 
it during the building of the structure. Beam sides, column forms or 
forms for walls may be removed as soon as the concrete has hardened 
enough to support its own weight, provided that such action does not 
endanger any part of the structure. 


Prior to the proposed removal of any form or centering, the approval 
of the engineer responsible for the design of the structure should be 
secured. Before giving his approval the engineer should give due con- 
sideration to the date on which the conrcete in this particular section 
was placed, the record of temperature conditions prevailing at that 
section during the interval since placement, the probable strength of 
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the concrete and any pertinent facts concerning the proposed future 
loading of the section in question. 

If, in the opinion of the engineer, based on the records and the con- 
dition of the concrete, the removal of the forms is likely to endanger the 
whole or any part of the structure, the forms should remain in place for 
such an additional period of time as may be necessary to insure safety. 
Proper re-shoring should be installed for the support of all members as 
required. These re-shorings should remain in place until all danger of 
overloading the members supported is past. 


RECOMMENDED PRACTICE FOR 
COLD-WEATHER CONCRETING FOR MASS CONCRETE 


Temperature at which protection is required 


Planning for cold weather should be done well in advance of its oc- 
currence. When experience or weather records indicate that low temper- 
atures are probable, a plan for protecting all newly placed concrete should 
be decided upon and the necessary special equipment and materials pro- 
vided at the site of the work before the low temperatures occur. 

Whenever it is anticipated that the air temperature at the point of 
placement is likely to fall below 35 F in the 24-hour period after placing 
concrete, it is recommended that protective measures be taken as out- 
lined in the following paragraphs. 

Heating materials 

For air temperatures not lower than 30 F the mixing water should be 
heated to bring the temperature of the concrete at the mixer to between 
40 F and 60 F. 

For air temperatures below 30 F both the water and the fine aggregate 
should be heated to bring the temperature of the concrete at the mixer 
to between 40 F and 70 F. The coarse aggregate should be free from 
frozen lumps or ice. 

Mixing water should be heated under such control and in sufficient 
quantity so that rapid temperature fluctuations of the water are avoided. 
Water temperatures should not be permitted to exceed 140 F. 

Aggregates should be heated in a manner such that frozen lumps, ice, 
and snow are eliminated and overheating or excessive drying is avoided. 
At no point should the aggregate temperature exceed 212 F. The use 
of steam coils is recommended for heating aggregate. 


When aggregates in stock piles, cars or trucks are thawed or heated 
by means of steam coils, the exposed surface should be covered with 
tarpaulins as much as practicable to maintain a uniform distribution of 
heat and prevent the formation of frozen crusts. 
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Curing temperature 

Newly placed concrete should be kept at a temperature of not less 
than 40 F for 14 days. The temperature of the concrete surface should 
not be permitted to exceed 100 F at any time during the curing period. 
The methods of protection and curing should be such that the loss of 
moisture from the concrete is not excessive during the curing period. 


Temperature records 

A permanent record should be kept showing the date, hour, outside 
temperature, and temperatures at several points within the enclosure 
and at the concrete surface to show the highest and lowest temperatures 
of the surface. The use of thermometers embedded in the concrete is 
suggested. Thermometer readings should be taken at the start of the 
work in the morning, in the late afternoon, and again at midnight. The 
data so obtained should be recorded in such a manner that the location 
of each reading and any condition which might have an effect on the 
temperature will be shown. A copy of the temperature record should 
be preserved for future reference. 


Anti-freeze compounds 

The use of salts, chemicals or other foreign materials in the mix to 
lower the freezing point of the conerete should not be permitted in mass 
concrete. 


Preparation before concreting 

Before concrete is placed in any form or around any reinforcement or 
on any surface, all ice, snow and frost should be completely removed and 
the temperature of all surfaces in contact with the concrete raised above 
the freezing point. No concrete should be placed on a frozen subgrade 
or on one that contains frozen materials. 


Protection 

Arrangements for covering or housing the newly placed concrete 
should be made in advance of placement and should be adequate to 
maintain in all parts of the concrete the temperature and moisture con- 
ditions specified in the paragraph on curing. When air temperatures 
do not fall below 30 F, artificial heat will not be required if the concrete 
surface is covered with forms or with canvas arranged so that an air 
‘space is maintained between the canvas and the concrete. For lower 
temperatures, sufficient, well distributed artificial heat should be pro- 
vided inside the coverings or enclosures around the concrete to maintain 
a temperature of 40 F or above at the coldest point without exceeding 
80 F at the hottest point. 


Housings may be of wood, Sheetrock, Celotex, canvas, tarred paper, 
plywood or other suitable materials, as long as they are reasonably 














WINTER CONCRETING METHODS 315 


tight and safe from wind and snow loading. Housings and enclosures 
should be built with fire resistant construction as far as practicable. 
Adequate fire fighting apparatus should be furnished in easily accessible 
locations wherever enclosures are constructed. Attendants should be 
maintained on the job at all times to provide continuous operation of 
heating units. 

Housings and enclosures should be left in place for the entire curing 
period specified except that sections may be temporarily removed as 
required to permit placing additional forms or concrete, provided they 
are replaced as soon as the form or concrete is in its final position. 

At the end of the curing period, artificial heating should be discon- 
tinued and housing removed in such a manner that the fall in temper- 
ature at any point in the concrete will not exceed 20 F in 24 hours. 
Removal of forms 

Forms for unreinforced mass concrete should remain undisturbed 
until the concrete has attained sufficient strength to sustain its own 
weight in addition to any temporidry or permanent load that may be 
placed upon it during the building of the structure. 

The time of removal of forms or supports for reinforced concrete 
structural members should be subject to the approval of the éngineer 
responsible for the design of the structure. 


APPENDIX 
Winter concreting objectives 
Special concreting methods are necessary during cold weather be- 
cause the strength and durability of concrete are adversely affected 
when it is exposed to freezing temperatures during the period of placing 
and curing. The methods must be adequate to: 
1. Prevent damage to concrete from freezing and thawing at an 
early age; 


- 


2. Allow the concrete to develop early strength, permitting the 


removal of forms for prompt re-use and the loading of the strue- 
ture when desired; 

3. Maintain proper curing conditions; 

1. Limit excessive or rapid temperature changes before the strength 
of the concrete has developed sufficiently to resist temperature 
stresses; 

5. Obtain the degree of economy consistent with the design or 
intended use of the concrete. 

1. Prevention of damage at early ages—The exact limits of the critical 
period when concrete may be seriously damaged by one or two cycles 
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of freezing, are uncertain and are doubtless affected by many factors in 
the composition and manufacture of the concrete. Nevertheless, the ma- 
jor factor affecting the limit of the eritical period is the rate of strength 
gain of the concrete. Experience and meager laboratory tests indicate 
that if the concrete has attained a compressive strength of over 500 psi 
it will not be seriously damaged by one or two freezing eyeles. On 
account of the impracticability of making truly representative com- 
pressive tests of all portions of a structure it is necessary to set limi- 
tations on placing and curing temperatures that will insure the designed 
strength in even the weakest part of the concrete in each class of concrete 
specified. 

The most reliable means of protecting concrete from frost damage at 
early ages is to build a temporary housing to enclose the whole volume 
to be oecupied by the conerete structure and to maintain proper curing 
temperatures in the enclosure by means of artificial heat. This has been 
done for certain important structures of limited size which had to be 
built in extremely cold weather. On account of the cost, such a method 
is not economical in most cases. Practical alternatives are the con- 
struction of canvas, plywood, Sheetrock, Celotex, Sisalkraft: and other 
weatherproof enclosures around the forms in which the concrete is. to 
be placed, and the maintenance, for the full curing period, of proper 
curing temperatures within these enclosures by means of steam unit 
heaters, steam jets, steam pipes, salamanders or other heaters. 

Under occasional specially favorable conditions, concrete may also be 
protected from frost damage at early ages by placing the concrete at a 
temperature high enough so that the initial heat plus the heat generated 
by the hydration of the cement is sufficient to balance the loss of heat 
to the outside without lowering the surface temperature to the freezing 
point, It is obvious that the method is limited to air temperatures 
within a few degrees of freezing. It is also clear that if no protection is 
provided newly placed concrete is liable to be damaged during any 
sudden drop in temperature, As is pointed out in a following section, 
the use of hot concrete is apt to lead to excessive cracking when the 
concrete cools, Furthermore, the use of conerete which is hot as. it 
comes from the mixer results in greatly decreased workability and a 
tendency toward flash setting. 

2. Production of enough strength to permit removal of forms or loading 
of the structures Winter conereting methods should be arranged to 
produce the proper concrete strength; first, to permit economical re-use 
of forms; second, to permit construction of the upper portions of the 
structure; and third, to permit loading the structure when desired. ‘The 
strength required for each case will depend on the type of structure. 
The value of early form removal and early use of the structure must be 
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Fig. 1—Relative strength of concrete as influenced by warming both in water 
and in air after exposure to temperatures of 16 and 33 F—normal cement 


From Tima, A. G. and Withey, N. 1, Rarther Studies of Temperature Effects on Com 
pressive Strength of Concrete’, ACL Jounnan, Nov. Dee, 1044, Proe, Vo OL, p. 105 


baianced against the cost of additional heating and protection in cold 
weather. ‘The effeet of curing temperature on concrete strength can be 
found conveniently in Pig. 1-5 which are taken from the JourNAL of 
the American Conerete Institute for November-December 1984.) In 
considering the data in the charts it should be kept in mind that the 
results shown were based on tests of 3 x G-in, concrete cylinders, Thus, 
the volume of conerete was relatively small and the time element re- 
quired to bring the concrete to the temperature of the surrounding air 
much shorter than would occur in the field even for thin seetion, 
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' Fig. 2—Relative strength of concrete as influenced by warming both in water and 
; in air after exposure to temperatures of 16 and 33 F—high early strength cement 
4 From Timms, A. G. and Withey, H., ‘Further Studies of Temperature Effects on Com- 
; pressive Strength of Concrete”, AG i Jou RNAL, Nov.-Dec. 1034, Proc. V. 31, p. 165. 


The use of high early strength cement should be considered from the 
standpoint of overall economy. When high early strength cement is 
used, the period during which temperature protection and moist curing 
must be maintained, may be reduced as indicated by the charts referred 
to,in the preceding paragraph. 
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The use of calcium chloride or other chemicals as accelerators for the 
hardening of the concrete may likewise be considered from the stand- 
point of economy under the limitations mentioned in the preceding 
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Fig. 5—Strengths at different ages for concrete stored in air 
or in water at 50 F expr as percentages of design 
strengths for wet curing at 70 F 

Dash lines for concrete given 1 day preliminary somnps in air, then moist 
at By} vj top 4 diagrams), or in yn at 72 F (bottom 4 diagrams), 
ines for concrete made and given preliminary storage in air at 
aman temperatures, then stored in air or water at 50 F. 
Dotted lines for concrete made and given 1 day preliminary storage in 
air at 50 F, then stored in air or water at 50 F. 


From Timma, A.G, and Withey, N. H., “Further Studies of Tempera 
ture Effects on Compressive Strength of Concrete”, ACL Jounnan, 
Nov.-Dee. 1034, Proc. V. 31, p. 165. 


paragraph. However, the use of calcium chloride in excess of 2 percent 
of the weight of the cement should be discouraged. Furthermore, there 
is some evidence that calcium chloride intensifies the destructive reaction 
between the alkalies in portland cement and certain susceptible aggre- 
gates. A good discussion of the use of calcium chloride as an accelerator 
is found in Section 1 of the report by ACI Committee 212 on “Admix- 
tures for Concrete’. The report appeared in the ACL Journat, 
November 1944, Proc. V. 41, p. 73. 

The use of calcium chloride, common salt or other soluble materials 
for the purpose of preventing freezing solely by lowering the freezing 
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point of the mixing water should not be permitted. Calcium chloride 
should not be used as a substitute for proper curing and frost protection. 

3. Maintenance of proper curing conditions—An adequate supply of 
moisture should be maintained on all exposed concrete surfaces during 
the curing period to insure the development of the proper strength and 
surface hardness. 

4. Limitation of rapid temperature change during and immediately after 
the curing period—It is a well known-fact that excessive temperature 
changes or excessive differences in temperature within a body of con- 
crete promote cracking and have a harmful effect on strength and dur- 
ability of a structure. These effects become particularly important at 
the time of form removal and at the time of discontinuance of protection 
against low temperatures. At such times, the surface of the concrete 
may be rapidly chilled and cracking may result. The seriousness of 
the cracking due to sudden chilling at the surface is greatest in mass 
concrete where the heat of hydration of the cement may raise the 
internal temperature from 30 F to as much as 70 F above the temperature 
at which the concrete is placed. The rapid dissipation of heat to the 
surrounding air in beams, columns, walls, or other masses of concrete 
less than 2 ft thick prevents the development of excessively high internal 
temperatures; but sudden drops in surface temperature of a destructive 
nature may occur in such thin sections. 

5. Obtaining the degree of economy consistent with the design or intended 
use of the concrete—In determining the winter concreting methods to be 
used on a particular job the fact should be kept in mind that most con- 
crete structures are designed for a useful life of many years instead of 
the few weeks or months covered by ordinary construction operations 
or laboratory test periods. Satisfactory strength for 28-day cylinders 
is not enough if the structure shows frostbitten corners, dehydrated 
areas, and cracking from overheating, all the result of inadequate pro- 
tection and curing or careless supervision. Similarly, early strength 
and good appearance of a structure achieved as a result of the use of 
excessive amounts of cement or calcium chloride will be of no avail if 
the conerete cracks badly in later years or develops disruptive internal 
expansion as a result of chemical action. The last penny of construction 
economy should not be obtained by sacrificing durability. 

Experience has shown, however, that the cost of adequate protection 
for cold weather conerete need not be excessive. Depending on the 
type of structure and the exposure, the cost of the concrete may be 
increased up to LO percent over similar concrete placed under summer 
conditions. Since neglect of early frost protection may result in immedi- 
ate destruction or permanent weakening of the concrete, it is apparent 
that adequate protection from low temperatures and the provision of 
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proper curing conditions are very important factors on all concrete 
structures built during cold weather. 


SUMMARY 


In the preceding paragraphs the nature of the cold-weather concreting 
problem has been seth forth briefly to provide a background for a work- 
able recommended practice. There has been no attempt to treat the 
subject exhaustively. The literature on cold-weather concreting is 
voluminous. Its extent in engineering periodicals since 1930 is evident 
from the attached list of selected references to which the constructor, 
the engineer and the specification writer are referred for additional 
information. 

It is apparent that the best construction practice for thin sections 
such as buildings, pavementseand structural sections less than 2 ft thick 
will be somewhat different from the best practice for mass concrete such 
as dams and large piers where the heat of hydration of the cement is a 
factor. In the first case, the problem is to keep the thin sections from 
freezing and to permit the concrete to harden and gain strength properly. 
In the second case, the problem is to keep the temperature change down 
and at the same time prevent local frost damage to corners and exposed 
faces. 

In either case there is need for a factor of safety to take care of un- 
expected changes in weather and the small amount of careless execution 
of the work that is inevitable even on well-managed jobs. 

With all these things in mind, two sets of recommended practices for 
cold weather concreting were prepared, one for buildings, pavements 
and other thin sections, and one for mass concrete. 

These recommended practices should be treated as general recom- 
mendations and not as detailed specifications covering every case of 
concreting in cold weather. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. df an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don't wait for a question. If you know of a concrete problem solved 

in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative fragments 

not the ‘‘copper-riveted’’ conclusiveness of formal treatises. ““Answers™’ 
to questions do not carry ACI authority; they represent the efforts of 
Members to add their bits to the sum of ACI Member knowledge of 


concrete “know-how.” 


Integral Waterproofing Materials for Concrete (44-185) 
By E. H. LOGAN* 


A—I read with interest Mr. W. E. Parker’s excerpts from literature 
on. “Integral Waterproofing Materials for Concrete,” ACI JourNaL 
Sept. 1947, Proc. V. 44, p. 77. My file on this subject contains some ex- 
tracts not included by Mr. Parker. 

A.R.ELA. Bullelin No, 422, January 1941, p. 3138, contains information 
on “additions to sh its cement during the manufacture to obtain other 
qualities of concrete such as plasticity, prevention of bleeding, resistance 
to the action of frost and corrosive waters.” 

Stearic acid is regarded as one of the best water-proofing agents; for 
effective water-tightness not less than 1 percent must be used. Mortars 
containing inter-ground stearic acid exhibit strength reductions amount- 
ing to about 10 percent when 0.1 percent or less is used and as much as 
30 percent when 1 percent stearic acid is used. Calcium, aluminum 
and magnesium stearates must be used in larger amounts to produce the 
same result. 

Some of the earliest tests on these materials were reported by the 
Bureau of Standards in 1912 in the National Bureau of Standards 
Technologic Paper No. 3, by Rudolph J. Wig and P. H. Bates, p. 45. It is 
interesting that there has been no essential change of opinion with respect 
to the value of integral waterproofing since that time. In the case of 
water repelling compounds “we have stearic acid combined either with 





*Division Materials Engineer, Missouri State Highway Department, Kansas City 3, Mo. 
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soda and potash or lime. The amount of these necessary to combine 
with the acid is not very great, in no case exceeding 7.5 percent, con- 
sequently it can be seen that the greater part of the material is hydrated 
lime and magnesia lime. These act simply as void filler.” 

Excerpt from the summary, p. 83, is as follows: ‘Portland cement 
mortar and concrete can be made practically watertight or impermeable 
to any hydrostatic head up to 40 it without the use of any of the so- 
called integral water-proofing materials; but in order to obtain such im- 
permeable mortar or concrete considerable care should be exercised in 
selecting good materials as aggregate and proportioning them in such a 
manner as to obtain a dense mixture. The consistency of the mixture 
should be wet enough so that it can be puddled, the particles flowing 
into position without tamping. The mixture should be well spaded 
against the forms when placed so as to avoid the formation of pockets 
on the surface. 


“The addition of so-called ‘integral’ water-proofing compounds will 
not compensate for lean mixtures, nor for poor materials, nor for poor 
workmanship in the fabrication of the concrete. Since, in practice, the 
inert integral compounds (acting simply as void filling material) are 
added in such small quantities, they have very little or no effect on the 
permeability of the concrete. If the same care be taken in making the 
concrete impermeable without the addition of water-proofing materials 
as is ordinarily taken when water-proofing materials are added, an 
impermeable concrete can be obtained.” 


“Hot Cement” Effect on Concrete Mix Temperature (44-189) 


Q—Because of acute cement shortage in this area we have had to use 
portland cement which is very hot; in fact the temperature of our bulk 
cement is so high you cannot hold your hand in it. The cement comes 
directly from a cement mill, 7 miles from our mixing plants so does not 
have the benefit of cooling in carload transit. 

‘Some of our customers are worried about this situation, and we would 
like to hear from you as to whether there is any danger in using this hot 
cement. Our compressive breaks seem to be all right though they are very 
erratic; sometimes a 7-day break will almost reach the expected break for 
28 days. 


By MYRON A. SWAYZE* 


A—The inquiry can be answered by a calculation using batch weights, 
observed temperatures of the mix components and their specific heat. 





Fa gaeed of Research, Lone Star Cement Corp., New York, N. Y. 
TThis sequence number was omitted from the JPP section, ACI Journat, October 1947. 
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The specific heat of cement and most aggregates is close to 0.22, water 
being 1.00. Since cement is a minor constituent by weight in any con- 
crete, it is easy to demonstrate the relatively small effect cement tem- 
perature will have on the temperature of concrete made with it. Such 
an example is given below. Cement temperature of 150 F is assumed, 
with water and aggregates at 70 F and a 5-sack mix. 











Wt, Specific | Wt x Tempera- | Total 

Material lb per cu yd heat | Specific heat ture heat 
re 470 | 0.22 103.4 150 F 15510 
Aggregate..... 3300 0.22 726.0 | 70 F 50820 
ee 260 1.00 | 2600 | 70F 18200 
- | om —_— | — 

Total........ 4030 | 1089.4 | 84530 


‘ 
The concrete temperature, without allowance for evaporation of water 


$4530 


during mixing, will be r or 77.6 F. Actually, some evaporation will 





take place with very hot cement during the mixing operation so that the 
temperature found in the concrete should be slightly less than the 
calculated figure. 

From the above, it is evident that an increase of 80 degrees in cement 
temperature will cause a rise of less than 8 degrees in concrete. With 
richer mixes the effect will be somewhat greater; with leaner mixes less. 

With regard to erratic compressive strengths, I would consider these 
due more to variations in mixes themselves, or in technique of molding, 
curing and end condition of test specimens, than to the real strength 
of the concrete in place. While the extra heat will increase 24-hour 
strengths to some extent by accelerating the water-cement reaction, I 
would look for some other cause when the 7-day values run unexpectedly 
high. 


Demolition of Concrete by Freezing (44-194) 


Q—An Institute member inquires, “Has anyone ever done any work 
on demolition of concrete by freezing? We have occasion to break up 
concrete in positions in which explosives cannot be used. Our current 
procedure is to use air-operated concrete busters. 


“Tt seems to be an old farm custom to break up boulders by drilling, 
filling with water, and letting the frost do the breaking. Has anyone 
worked out a method of producing the frost action by dry ice, refrigeration 
or any other method?” 
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Copper Alloy Nails to Penetrate Nailing Concrete (44-195) 


Q—The following inquiry comes from an architectural firm: We 
will appreciate any information or recommendations in regard to the 
use of some type of copper alloy or Monel metal nails to nail roof tile to 
a cinder concrete roof slab with a 2-in. coating of Nailerete. The stand- 
ard copper nails do not penetrate the nailing concrete.” 


Material Handling Simplified on Community School Project (44-196) 
By H. E. GETMAN* 


Karly in 1946 we were authorized to proceed with the construction of 
the Homer Community School, Homer, Mich. This project: comprised 
some 41,000 sq ft of floor space with basic framing of masonry and con- 
crete slabs poured on precast joists with limestone trim. Searcity of con- 
struction labor in all trades impelled a careful evaluation of different 
material handling methods. 


*Getman Brothers, South Haven, Mich 
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Fig. 1—Some 900 cu yd of concrete placed during winter months using 1-cu-yd bucket 
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Fig. 2—Construction materials on skids hoisted a maximum of 17 ft 6 in. 


A study of materials to be handled indicated that a fork truck capable 
of handling a l- cu-vd concrete bucket or skids of construction materials 
weighing approximately 3 tons would be useful since the site was free 
from obstructions and the building accessible from all sides. 

A Ross fork truck with a 12-ft tower was obtained (Fig. 1) which placed 
approximately 900 eu yd of concrete during the winter months, using a 
concrete bucket and handling chutes up to 30 ft in length when required 
to bridge foundation excavation up to 20 ft between truck and forms. 

experience obtained during the concrete placing indicated that a de- 
sirable tower height should anticipate placing skids of materials on the 
second floor and still retain road clearances for movement of materials 
on the highways. Accordingly, a tower with a road clearance of 12 ft, 
providing a vertical lift of 17 ft 6 in., was obtained for the fork truck, thus 
combining job truck and portable hoisting equipment (lig. 2). Oak skids 
5x6 ft were used for handling heavy materials and one skid 8 x 10 ft 
was used for bulky materials. This equipment unloaded direct from 
trucks or gondolas the following materials: reinforcing steel, structural 
steel, limestone trim, cinder blocks, cement, precast concrete joists and 
Zonolite aggregate. 

It was found advantageous to provide suspended loading to facilitate 
spotting into position for the cut stone trim and precast joists, ‘This was 
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Fig. 3—Precast joists hoisted into position using 16 ft “‘A-frame"’ boom supported 
by the forks and tied back to the fork carriage 


accomplished by using a demountable 16-ft ‘A-frame’? boom (Fig. 3) 
supported by the forks and tied back to the fork carriage. A small hand 
winch was provided for picking up joist strong back and obtaining maxi- 
mum elevation on cut stone work. 

The maximum lift from ground level to stone hooks was 26 ft. The 
additional height above the 17 ft 6 in. was gained with hand winch. Use 
of the “‘A-frame’’ boom also provided fleeting possibilities in the placing 
of precast joists and cut stone that were very essential to operations in 
close quarters. 

Wheelbarrow use was restricted to mortar mixing and masonry ma- 
terials above the second story roof line, and the concrete buggy did not 
appear on this project. Concrete was batched from a central mixing 
plant. 
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New standard specification for portland cement in Eire 
BurLpInc Researcu CoMMITTEE OF Erre: Cement and Lime Manufacture (London) 1947, 20 (2), 37 
BvuILDING ScrENCE ABSTRACTS 
The standard specification for portland cement published in October, 1946, by the 
Building Research Committee of Eire conforms in general to B. 8. 8. 12-1940 and 
relates to ordinary (termed “normal” in Eire) and rapid-hardening portland cements. 
The chief differences between the Irish and British standards are here noted. 


Order of mixing affects concrete strength 
Engineering News-Record, V. 139, No. 12, September 18, 1947, p. 90 Reviewed by 8. J. CHAMBERLIN 


Tests from Australia indicate that 11 percent better tensile strength is obtained 
when fines and cement are, mixed dry, water added, and then the coarse aggregate, 
than when sand, cement and coarse aggregates are mixed first. The revolving drum- 
type mixer is not suited to the former order of mixing because of sticking. Results 
are given for four other sequences. 


Slope-deflection applied to the design of restrained beams—l 
B. ErtKsEn, Concrete and Constructional Engineering, (London) V. 42, No. 8, August 1947, 
pp. 249-258 Reviewed by GLENN MurpHY 
In this second installment of a series the author presents analysis of a specific bridge 
in which the main girders are constructed monolithically with the abutments and are 
assumed to be partially restrained. The author recommends treating the girder as a 
restrained beam and then considering the abutment as subjected to the shear and mo- 
ment from the girder. Influence lines are developed for the structure. 


High-alumina cement in hot climates 
G. C. Hacaar, Concrete and Constructional Engineering, V. 41, August 1946, p. 210 
IGHWAY RESEARCH ABSTRACTS 

Results of tests made to ascertain the cause of the low strengths obtained for con- 
crete made with high-alumina cement used in tunnel construction in Iraq are summa- 
rized. Within the range 60-110F, compressive strength decreased almost proportionally 
as the shade temperature rose. It is concluded that there is no advantage in using 
high-alumina instead of portland cement for concreting in shade temperatures exceed- 
ing 85 F, nor should compressive strength values greater than 600 psi be expected in 
such cases. 


(337) 
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Shade-shed for cool aggregate 


Engineering News-Record, V. 139, No. 14, October 2, 1947, pp. 80-81 Reviewed by 8S. J. CHAMBERLIN 


The wooden shed will protect coarse aggregate from the intense heat of the desert 
sun, possibly reducing the amount of ice required to cool the aggregate and will give 
better moisture control. Erected on a rock sidehill the shed has separate compartments 
for 1,000 cu yd each of four aggregate sizes. The wooden partitions support Pratt 
trusses carrying the roof sheathing. Trucks deliver the aggregate on a road which runs 
along the top of the arrangement. A conveyor belt beneath the stockpiles carries the 
aggregate to the batching plant. 


Precast fireproofing on used steel reinforces columns for re-use 
Engineering News-Record, V. 139, No. 14, October 2, 1947, pp. 96-97 Reviewed by S. J. Caampertin 


The concrete was cast on the old steel columns in horizontal position in forms similar 
to those used for precasting piles. A 16- x 16- in. section provided 4 in. of cover, 
Columns not requiring reinforcing were wrapped with a light wire mesh. Where rein- 
forcing was required, three l-in. round bars were placed on the two open sides of the 
beam, with light mesh wrapped around the assembly. Old precast concrete roof slabs 
24 x 52 in. were reinstalled. 


Improved concreting techniques facilitate grain elevator construction. 
Engineering News-Record, V. 139, No. 10, September 4, 1947, pp. 88-092 
Reviewed by 8. J. Cuamper.in 
Truck-hauled, slag-aggregate concrete with air-entraining cement gave satisfactory 
results in construction of a 2,000,000-bu. grain elevator by the slip-form method, Con- 
crete was hauled 4 miles from the mixing plant in 3-cu yd batches in open, end-dump 
truck bodies having inner rounded corners and double bottoms rounded at the edges. 
All of the slag passed a 1-in. screen with only a small percentage retained on the 34-in. 
screen. Dredged sand from Lake Erie was used as fine aggregate. 


Concrete-filled steel piles support wharf at Long Beach, Calif. 
R. R. SHoemaken, Engineering News-Record, V. 439, No. 10, September 4, 1947, 

pp. 96-99 Reviewed by 8S. J. CHAMBERLIN 

The wharf deck, consisting of flat slabs devoid of drop panels, is supported on 1,000 
composite piles, the steel shells of which are exposed to the action of sea water. It was 
thought that partial protection of the steel by an outside jacket of concrete might 
invite accelerated electrolytic action at the point where the jacket was discontinued. 
Cathodic protection of the steel piles is under further consideration. Test piles were 
driven to determine the required quality of the concrete for placing in a tapered cylindri- 
cal form from 70 to 85 ft long. The concrete was placed in the dry shells by conven- 
tional methods through a hopper to which was attached a pipe, 16 ft long and 8 in. in 
diameter. Concrete used had a 4'%-gal-per-sack mixture and a 3-in. slump. The 
test piles were pulled and “windows” were cut from the casing at 10-ft intervals for 
inspection of the concrete. Results were excellent and a high grade of concrete free of 
air and rock pockets was noted. 

\ 


Two reinforced concrete chimneys at Kingston upon Thames 


Concrete and Constructional Engineering, (London) V. 42. No, 8, August 1947, pp. 239-244 
Reviewed by GLENN Munrpny 


The article describes two chimneys, each about 250 ft high, being built at the new 
power station at Kingston upon Thames, The diameter of each chimney varies from 
about 26 ft at the base to 18 ft at the top with a thickness ranging from 10 in. to 6 in. 
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The vertical reinforcement in the chimney consists of ™%-in. mild steel bars and is 
supplemented by %-in. bars used as spiral reinforcement. The chimney is designed 
for a wind load of 20 lb per sq ft on the projected area with allowable stresses of 450 
psi in the concrete and 13,000 psi in the steel. Since the chimney will be subjected to 
gases at temperatures between 300 and 350 F, it is lined with acid-resistant brick. A 
buff-colored cement is used to improve the appearance of the exposed portion of each 
chimney. The exterior surfaces are to be rubbed down and two coats of silicate of 
soda will be applied for protection against acid. 


Design of flexible pavements using the triaxial compression test 
Kansas State Higuway Commission, Highway Research Board, Bulletin No. 8 
Hicguway Researcu Boarp Review 

This bulletin presents the triaxial compression method of testing soils and related 
materials and the application of the test data to the design of flexible pavements as 
developed by the engineers of the State Highway Commission of Kansas during the 
past six years. 

The bulletin describes the problem of flexible pavement design and shows in detail 
how the triaxial test is used for the purpose of design. Sample calculations, derivations 
and convenient tables and charts are included. An extensive list of references is given. 


Writing the technical report 
J. Ravterau Newson, Second Edition, 395 pp., McGraw Hill Book Co., New York, N. Y., $3.00 


Author hopes to intensify interest in report writing and to endow report writers with 
greater confidence through better understanding of mental processes and the practical 
steps in report organization. 

Economical and efficient methods of producing a report are emphasized. The report 
is treated as a document prepared for a specific audience and consequently is to be 
written in a form most easily adaptable to uses of its particular audience. 

Critical standards and a critical procedure whereby the student may evaluate his 
own work are set up. At the end of each chapter, suggestions are given for use of 
correlated material to be found in later sections of illustrative reports and of specifi- 
vations for the set up of reports. 


Allowable loads on eccentrically loaded concrete columns 
I. E. Morris, 44 pp. Copyright 1947, by I. FE. Morris, Atlanta, Ga., $2.50 


The entire volume, as title would indicate, is composed of tabulations of allowable 
loads on eccentrically loaded columns. Loads are given for 3000-lb concrete and 3750-lb 
concrete square tied columns up to a maximum size of 30 x 30 in.; square columns 
with spirals to a maximum of 33 x 33 in.; and round columns with spirals to a maximum 
diameter of 34 in. Loads given in the tables are the result of slide rule calculations, 
but, in view of the empirical nature of the method of figuring combined stresses in 
reinforced concrete columns, the author believes greater precision is unnecessary, 
Design computations are based on “Building Code Requirements for Reinforced Con- 
crete”? (ACI 318-47). 


Construction estimates and costs 
H. EE. Putver, Second Edition, 680 pp. illustrated, MeGraw Hill Book Co., New York, N. Y., 1947, $6.00 


Step-by-step instructions are given for estimating construction work costs and in- 
formation is supplied on wages and prices. Tables and diagrams for variation in prices, 
wages and material quantities are given. Cost of plant overhead and profit as well as 
material and labor are discussed, with illustrative examples included. A brief appendix 
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on depreciation of construction equipment has been added to this new edition. Scope 
of the volume is indicated by contents entries: estimating in general, handling and 
transporting materials, excavation, piling and bracing, concrete, masonry, damp- 
proofing and waterproofing, wood construction, structural steel, roofing and flashing, 
lathing and plastering, heating and air conditioning, plumbing, electrical work; painting, 
papering and glazing; heavy machinery, construction plant and equipment, overhead 
and profit, complete estimates, approximate estimates and construction management. 


Tools for better engineering 
Rosert F. BLanks, Engineering News-Record, V. 139, No. 12, September 18, 1947, 

pp. 80-83 Reviewed by 8. J. CHAMBERLIN 

Part 1 of a series of six describing the activities in the research laboratories of the 
U.S. Bureau of Reclamation. The laboratories are maintained to take full advantage 
of the many scientific aids that are available for developing and testing new materials 
and methods as well as improving past practices. Unusual problems imposed by the 
design and construction of Hoover Dam necessitated the establishment of the labora- 
tories. Objectives of the research program can be classified into six groups: (1)Selection, 
utilization and control of construction materials; (2) Investigation of site, foundation 
materials and all conditions of nature having a bearing on the engineering feasibility 
and treatment of proposed projects; (3) Solution of current engineering problems 
arising in the designing office and in the construction field; (4) Investigations leading 
to improved and more economical operation of completed works; (5) Development 
of specifications, manuals and instructions covering the selection, utilization and control 
of engineering materials; (6) Investigation of a development nature leading to improved 
and more economical engineering practices. Experts from the many fields apply and 
coordinate knowledge in physics, chemistry, geology, fluid and solid mechanics, petro- 
graphy and microscopy. 


Selection of construction materials 
Ernest B. Woop and Water H. Price, Engineering News-Record, V. 139, No. 14, 

October 2, 1947, pp. 104-108 Reviewed by S. J. CHAMBERLIN 

Part 2 of a series about the research laboratories of the U. 8. Bureau of Reclamation 
relates how the laboratories function to insure that the best available materials are 
selected for a given purpose and that those materials are used to best advantage. Con- 
crete aggregates, for instance, are often from undeveloped sources and in addition 
to the usual acceptance tests must be examined by petrographers who indicate the 
necessity for making additional tests. When petrographic analysis indicates aggregates 
have reactive tendencies with the alkalies in the cement they are used in concrete and 
given exhaustive tests to determine whether this characteristic is critical. In one 
case it was shown that a readily available pozzolanic material would satisfactorily 
counteract the alkali-aggregate reaction. Investigations of concrete with low-heat 
cement include complete tests under conditions simulating those occuring within 
massive structures. Other investigations include studies of grouting materials, ad- 
mixtures, earth-embankments, metals and protective coatings, and the like. The 
ultimate objective is to assure the production of durable, safe and serviceable structures 
at the lowest possible cost. 


Colorimetric methods for rapid analyses of silicate materials 


Rune Henn, Svenska Forskningsinstitutet for Cement och Betong vid Kungl. Tekniska Hogskolan 
I Stockholm, Handlingar No. 8, 1947, 110 pp. Reviewed by J. J. Diamonp 


This treatise describes an attempt to set up a procedure for the rapid analysis of 
silicate materials, using colorimetric methods, which would be suitable for routine 
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use especially by commercial laboratories. After a general discussion of some of the 
aspects of colorimetry and colorimeter design which are relevant to the problem, there 
is a description of a photoelectric filter photometer designed and used in this work. 

The study was limited to the major constituents, SiO2, FexO3, AlzO3, TiO2, CaO, 
MgO, Na2O0 and KO. Standard methods were chosen and there is a detailed description 
of experimental work done to adapt the methods to silicate analysis. The silicomolyb- 
date method is used for SiOe, the thiocyanate method for Fe203, the aluminon method 
for AlgO3 and the H202 method for 7702. CaO is determined by permanganate titration 
of a calcium oxalate precipitate, gO colorimetrically using Titan Yellow, and KeO 
by preliminary precipitation as the chloroplatinate and then colorimetrically as the 
iodoplatinate. NagO is determined by precipitation as sodium zine uranyl acetate 
and colorimetric determination of the uranyl ion using H202 and (NH4)2CO3. 

Analyses of kaolin, cement clinker, glass wool, brick and mica material, open hearth 
slag, and blast furnace slag show good agreement between the colorimetric and gravi- 
metric methods. It is claimed that an analyst can analyze a sample for the eight 
mentioned constituents in an eight hour day, excluding apparatus cleaning and reagent 
preparation. 

Den armerade, betongens verkningssatt i sprickstadiet vid bojning (Cracked reinforced 
concrete beam) 
Ur BsvGGRen, 8. V. R., Betong, (Stockholm) No. 3, 1946 Reviewed by P. W. ABELES 

This paper written in Swedish with a summary in English represents a valuable 
study of the resistance in the concrete tensile zone of a cracked section. Different 
assumptions of concrete stress distributions in bending at failure are compared; that 
of M. Guerrin is especially noteworthy. It consists of a superposition of two stress 
diagrams, one relating to the state before cracking (with a rectangular stress distri- 
bution in the tensile zone and a triangular one in the compressive zone) and the other in 
a cracked section approaching failure (having a rectangular stress distribution in the 
compressive zone, there being no concrete tensile stresses). The combination of these 
two stress diagrams indicates the co-operation of the concrete in the tensile zone between 
individual cracks. 

Stress-strain relations of concrete in compression and tension are investigated. Tensile 
tests on ordinary reinforced concrete by M. L’Hermite and on prestressed concrete 
carried out by the author indicate that the concrete is capable of taking part in the 
tensile resistance even at relatively high stresses in the reinforcement. It is pointed 
out that this co-operation of the concrete is generally neglected, but has been proved 
by the author by special strain measurements on prestressed beams. 

Tests on composite beams consisting of prestressed elements and non-prestressed 
concrete cast one to 114 months later have proved that such partly prestressed beams 
behave as ordinary prestressed beams, no weakening effect occurring in the joints. 


Research on the action of concrete and reinforced concrete subjected to repeated stresses 
B. La Camus, Compte Rendu Des Recherches Effectuees En 1945-1946, Laboratoires du Batiment et 

Des Travaus Publies (Paris, France) Highway Reskarcu ABSTRACTS 

Study of the resistance of materials to repeated stresses has been intensified in the 
last two decades. It is surprising that this phase of concrete and reinforced concrete 
design has only been made the subject of rare and scattered research, from which it is 
impossible to reach exact conclusions. The designer of reinforced concrete who wishes 
to design a structure subject to repeated stresses is in complete ignorance of the vari- 
ation in the coefficient of safety which results from that repetition. Toward the solu- 
tion of this problem, a program of research was set up in cooperation with the Minister 
of Reconstruction and Planning. The work has been brought to a satisfactory 
conclusion. 
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Resume of Fatigue Tests 
































Amount of strain— | Behavior in| Improvement 
Coefficient Steel or concrete fissuration | of mechanical 
Nature of limit of - —| (erackirg) | qualities at the 
test piece fatigue | measured | calculated end of one 
ty t. million alter- 
psi psi nations, 
percent 
Compressed concrete 0.62 | 8 to 15 
Flexed concrete 0.59 None 
Bond 0.69 
Reinforced 
concrete—tension 0.54 38,056 40,754 Good Very weak 
Reinforced concrete 
compression 0.60 5,254 5,538 Good 6 to 10 
Reinforced concrete 
inclined supports 0.41 22,720 36,494 Medium 5 to 6 
(shear) 
Reinforced concrete 
vertical supports 0.35 11,928 20,945 Medium None 
(shear) 
Reinforced concrete 
without supports 0.42 127.8 134.9 None None 
(shear) 





Concrete, under repeated stresses, suffers an accelerated plastic deformation which 
will be made the object of future study. 

The limit of endurance could be measured within 10 percent, under a load with which 
it was possible to repeat the application indefinitely. It is practically defined by the 
ratio « between the limit and the rupture stress under a single progressive loading 
(static). 

This ratio « is, fora case of determined loading, independent of the age and of the 
static resistance. It is raised for bond (« = 0.75), weaker for tension and compression 
(0.60, on an average), and weaker still for shear stress between 0.40 and 0.50). This 
weakness particularly under the influence of a shear stress is probably due to the pro- 
gressive wear and tear which occurred during the break, and to the closure of fissures, 
the edges of which underwent a moment of tangential friction. 

Some experimental difficulties have hindered the accomplishment of tests under 
alternate bending loads. By analogy with other materials, one can suppose that the 
limit of fatigue, is in this case, slowly raised more than for undulating loads, the total 
amplitude of the variation of loads being considered in entirety. 

Finally, to calculate the decline of resistance of reinforced concrete under variable 
applications, the following means of calculation is recommended: Multiply the ad- 
ditional load variable by three, then add it to the permanent load before entering the 
usual calculations for the determination of the resistance to sudden stress; multiply 
the additional load variable by two before calculating resistance to the bending moment. 
This permits an ample factor of safety. The table above summarizes the tests. 

CONCLUSIONS: The limit of fatigue limit is a very important value in bond. 
It is of the same order of importance in the case of compression, of tension, and of 
bending It is distinctly less for shear. 

Concrete and reinforced concrete give very satisfactory results in comparison with 
other materials. In every case, except in shear, the limit of fatigue is greater than 0.50 P. 
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For steel, for example, this limit is found between 0.30 and 0.60 and is very near 0.40. 
For soft construction steel, it is, mainly, 0.50 but falls to 0.35 to 0.40 when there are 
faults in form or of surface, such as couplings, grooves, rust, etc. 

In conclusion, for all works in concrete or reinforced concrete subjected to repeated 
stresses the designer can use in all security the median value of the limit of fatigue, 0.50. 

In other words, for works subjected to repeated forces, the factor of safety con- 
sidered for corresponding static loads must be multiplied by two for tension, and com- 
pression, and by three under shear stresses. These in turn are multiplied by the amounts 
indicated above before beginning the usual static calculations. 


Mobility tester for concrete 
Per Nycanper, Meddelande 99, 1947, Statens Provingsanstalt (Stockholm) 


Highway Researcu ABSTRACTS 

At the States Testing Station, Stockholm, Sweden, the author has developed a 
method of determining the mobility of a mass of concrete at casting (molding). 

An apparatus named the Mo-tester (Fig. 1) consists of a vertical sheet metal pipe 
(1) and a horizontal chute (2) with a semi-circular bottom and vertical sides. Under 
the chute a vertical rod is attached (3), the bottom end of which is inserted in and 
welded to a muff (coupling). Two handles are attached to the pipe (5). A means for 
limiting the height of lift is provided (4). The apparatus is constructed of 2-mm zinc 
coated metal plate. 

The height limiting device is set up on a flat piece of concrete or other hard and 
flat foundation. A uniformly mixed mass of concrete is filled in the pipe through its 
upper opening. The apparatus is lightly knocked against the floor until the surface 
of the concrete has sunk to half the pipe’s height after which it is filled and the concrete 
struck off flush with the top of the pipe. 

The apparatus is picked up by the handles and the rod inserted in the height limiting 
device with the collar under it. The apparatus is lifted until the collar on the rod comes 
in contact with the height limiting device and then permitted to fall freely against the 
foundation. The height limiting’ device should be so adjusted that the height of fall 
is 50 mm. 
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Fig. 1—Mo-tester 
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The mobility consists of the number of blows of the apparatus against the foundation 
required for the concrete surface to sink through the vertical pipe. The mobility de- 
termined by this method is designated for example “10 Mo” which indicates that the 
mobility corresponds to 10 blows. The change in form of the mass of concrete in this 
movement through the apparatus is similar in a considerable degree to the action of | 
casting (or molding). It has been shown that no definite connection exists between the 
mobility from the Mo-measurer and consistency from the various customary methods. 
For example a harsh, difficultly cast concrete gives a much higher Mo-value than does 
a well graded workable concrete with the same slump indicating that the Mo-value is 
a better expression of a concrete mold-ability. 

Research has shown that variation in the concrete’s water content is proportional 
to the change in the logarithm of the number of blows. In Fig. 2 Mo (number of blows) 
is plotted in logarithms against the change in concrete water content for a “stone” 
material. The relationship is represented by a straight line. Even the relationship 
between Mo and slump is represented by a straight line, but the line for vebe is some- 
what curved. 

The logarithmic scale for Mo is divided into four parts corresponding to the following 


values: 
Mo Mo 
LF easy flowing 4-8 Pl plastic 16-32 
TF slow flowing (sluggish) 8-16 bs) stiff 32-64 


From Fig. 2 it may be seen that this division to a considerable degree agrees with the 
corresponding range of consistency based on slump or Vebe. This division envelopes 
each with the same range in water content in percent of concrete volume. The Mo- 
measurer gives precise reproducible values and quick results. Readings of time or 
scale can be made accurately. It is easy to handle and light to carry. The cost is low. 

A corresponding apparatus for determination of the mobility of mortar designated 
the Mo-measurer for mortar has also been developed. 


Vebe Number —- sec 
Slump—- cm 


Fig. 2—Diagram showing 
the relation een Mo- 
value, slump, and Vebe, as 
well as changes in water 10 i2 416 20 2428 2 40 48 5664 
content Mo (no. of blows) 
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Discussion of this paper should be withheld and combined with discussion of the ane 
vention symposium contributions, scheduled for publication in late spring 1948. 
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Some Doubts About Concrete* 
(As Expressed in 1923) 


A searchingly critical appraisal of progress in knowledge of concrete and of its 
application to practice appeared as an editorial in Engineering-News Record, 
February 1, 1923, a few days after the Institute’s 19th annual convention in Cin- 
cinnati nearly a quarter century ago. Coming to light recently in an ACI office 
scrapbook, it inspired a re-appraisal of progress for ACT’s 44th annual con-- 
vention February 23-26, 1948. 

Through the courtesy of Engineering News-Record it is republished here as 
the point of departure for a full convention session in Denver where a group of the 
Institute’s “elder statesmen” (‘“‘elder’’ in the sense of long service in the Insti- 
tute’s field) will make individual contributions to a symposium ‘“Twenty-Five 
Years Progress’ appraising that progress and taking note of problems solved, 
problems bequeathed us in two and one-half decades, and problems old and new 
that still dog our further progress. 

The symposium might well be as challenging and as provocative of lively dis- 
cussion as was the editorial here published. Appropriately, Waldo G. Bowman, 
editor of Engineering News-Record, professional heir of Frank Wight and Fred 
Schmitt, will make this symposium’s introductory sally. P. H. Bates, Roy W. 
Crum, J. C. Pearson, Frank Richart and Roderick B. Young are among those 
scheduled for participation.— Editor. 


In any science or philosophy an honest skepticism is the beginning of 
progress. ‘Too easy and general acceptance of theories and practices 
results in marking time and then retrogression. Engineering, being a 
live and progressive science, is full of skepticisms; if it were not, technical 
societies would soon perish of inanition, for the mere reading of des- 
scriptions of work done would lose its interest unless flavored with the 
salt of controversy over what theories and facts should be aceepted. 
Last week at Cincinnati the proceedings of the American Concrete In- 
stitute revealed many skeptics, so far as the science of concrete is con- 
cerned. Never before, it seemed, in the nineteen years of that society, 
were there brought out so many doubts as to theory and practice or so 
many questions which could not be answered satisfactorily. This merely 
reflects, we believe, the general situation in the field of concrete and is a 
healthy rather than a morbid indication. . 


*Reprinted by permission from Engineering News-Record, Feb. 1, 1923, V. 90. 
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Some of these doubts and questions are worth setting down here, 
not in the hope of getting or giving answers but to mark wherein future 
study lies and to discount, perhaps, a certain smugness of attitude that 
concrete practitioners are apt to affect. There are so many things on 
which there is disagreement that it ill becomes any one to claim complete 
knowledge. 

First, there is a very general concern over the behavior of outdoor 
concrete. For some years this has been a matter of individual expression, 
of secret whisperings glossed over in open discussion and explained on 
the easy ground of improper materials and manufacture. More and 
more bad concrete is being brought to light, however, and the policy 
of suppression of facts—though policy and suppression may be too strong 
words—is retreating before a demand that the cards be thrown on the 
table and that the committees of the proper engineering societies frankly 
admit that there are all too many examples of five to fifteen year old con- 
crete, placed by competent contractors and engineers, which are far from 
permanent and which if examined and classified might reasonably yield 
some information that would help in future structures. The more re- 
cently expressed principles of good concreting have been based on widely 
published tests tempered with the information gained from too frequently 
suppressed failures. When the failures have as much publicity as the 
tests the reasons for the principles laid down will be better appreciated, 
especially by those who consider tests somewhat impractical and who 
demand proof from the actual structure. 

In the same category comes the well-worn subject of sea water con- 
crete. For years this has been the plaything of the theoreticians, but 
except for one minor and over-emphasized set of tests and one extensive 
tour of field examination made by two men we have progressed little 
beyond the theories of cement chemists of two decades ago.. Concrete 
goes to pieces in sea water more frequently than not, but the fact that 
sometimes it does not points to need of study comprehensive in scope and 
particularized in examination. The doubts that exist are not going to be 
exorcised by the questionnaire method. 

Doubt as to the value of tests because of variations in test results 
were made much of at the Cincinnati meeting. This, however, is a fault 
being cured with time. As the materials that go to make up concrete 
are being improved and as the methods by which tests are being made 
become standardized the tendency for uniformity of test results increases 
and the relation between test and performance tends to become closer. 
The present doubts are held by those who expect more from tests than 
tests can ever give. The man whose business it is to make them has 
more respect for their potentialities of variation than the man who only 
uses them. 
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In concrete construction several questions are not definitely answered. 
One is the matter of integral waterproofing—-complicated by commer- 
cial considerations and the peculiarities of contractor psychology—and 
another the desirability of chuting—in which also the matter of dollars 
and cents is so large a factor. It is common among those who may be 
properly called the “concrete intelligentsia” to decry integral water- 
proofing, to claim on the basis of many tests that nothing is added by 
the use of such materials that can not be just as cheaply and effectively 
achieved by the proper procedure of normal concreting—and yet integral 
water-proofing continues to be made and used in large quantities. Must 
pragmatism retreat before pure reason or shall we have a final orderly 
theoretical and empirical examination of the question which will settle 
it or at least arrive at a fair compromise? In chuting, on the other hand, 
theorizing has no place. It is a matter of examination of each job and 
a balancing of opinion, which in the end must be individual, as to .the 
quality of concrete that can be produced by this method. ‘The unsuccess- 
ful attempt at Cincinnati to get some registration of opinion one way or 
the other on the chute problem shows why there are doubts on this 
question. 


Skepticism as to rational methods of proportioning is far less than it 
once was; there are signs that we are approaching some sort of solution. 
For years a number of different investigators have been striking out into 
new fields of investigation, all directed to the same end of finding the 
optimum mix and most of them along different paths. These paths 
seem to be nearing convergence and a single way partaking somewhat 
of all the approaches may soon be reached. The problem now is to 
popularize the methods which necessarily in the making became a little 
cumbrous and which need simplifying and broadcasting so as to reach 
the man at the mixer or at least the man who bosses the man at the mixer. 
Doubts here are no where near as great as they were five years ago. 


These are the more important of the debatable phases of concrete. 
They indicate that in spite of the fact that the country is dotted with 
well-made, durable concrete structures the practice of producing such 
structures is by no means reduced to a formula, easily stated and easily 
learned. Foreman, superintendent or contractor can make or mar a job 
for which designer and material manufacturer have furnished the best the 
art affords—and vice versa. There must be a wider distribution of the 
knowledge we already have so that each factor in the production of con- 
crete is equally well informed and there must be more intensive and dis- 
tributed study so that that knowledge is increased. 


Within a certain limited group, a group represented fairly well by the 
American Concrete Institute and a part of the American Society for 
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Testing Materials, there is going on an intense study of concrete but 
there are times when such doubts and questions as are noted here lead 
one to believe that the men of this group unintentionally form a very close 
corporation outside of which is the vast body of concrete users, picking 
up such crumbs as fall from the table but placing concrete in the main 
just as it was placed a decade ago. Both within and without that group 
there are skeptics, those within because they know so much, those with- 
out because they know so little. That their collective doubts may be 
resolved by more and wider study may sound paradoxical but it is offered 


as a fact. Contrary to a view once widely held, concrete is an intricate 
material. We are only just beginning to learn how to make it and how it 
behaves when made. No effort should be spared to increase our 
knowledge. 
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DON'T MISS DENVER—FEB. 23-26, 1948 


ACI’s Denver convention begins to jell! 





Events include interesting departures from the usual, not only in the 
solid meat of headline subjects but in luncheons of barbecued bison and 
projected sightseeing trips toward “the great Divide” where engineers 
are bringing about a re-division. Some of what the continental divide 


sends west, in due course is to go east. Engineers have no taboos 


7% 


ee 





These two American bison are being fattened to provide a special barbecue lunch 
for ACI Members on Tuesday, February 24, 1948, as part of the annual convention. 
The buffalo roam the foothills of the Rockies with a herd belonging to the city of Denver. 


A motion picture sound film will clarify the diversities of operational! 
methods in numerous “tilt-up’’ construction projects at last, so some 
say, to answer, perhaps eliminate problems of form work. This feature 
will be only a part of the convention session to be monopolized largely 
by precast concrete developments; also scheduled is a paper recording 
the latest developments in insulation of concrete dwellings. 


Top flight concrete experts will join in a soul-searching inquiry into 
concrete progress. They will attempt an appraisal—-to tell us how we 
are doing now, and what we have done in technological advance in 
the past quarter century. A full session symposium on this stock-taking 
line stems from a provocative editorial appearing in the engineering 
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What are the gains 
since then? How many of the 1923 problems are still in our laps for 1948? 
The 12th annual open session of ACI Committee 115—Research will 
be a magnet 
techniques. 
is now chairman and in charge of the session. 


press after our 19th annual convention in 1923. 


for those concerned with concrete research trends and 
Prof. S. J. Chamberlin, long secretary of the committee 
Prof. George W. Washa, 
having his inauguration as secretary, is deep in preliminary spadework. 

Roderick B. Young bears the responsibility of an entire session on 
destructive agencies, with a probable four papers by as many authors, 
discussing various factors in the durability of concrete. 

Prof. Raymond E. Davis is whipping into form an account of the 
extensive and ingenious repairs to Barker Dam. 

There will be a dinner, recognition of new officers, presentation of 
Bradley 
Dewey, member of the Presidential Evaluation Commission at the 
Bikini atom-bomb tests will deliver the featured speech of the evening. 
“Steel 


awards and the retiring president’s address by Stanton Walker. 


Other subjects on the horizon for Denver discussion include: 
Stresses in Reinforced Concrete Beams’’; “Basie Curves for Cooling 


Mass Concrete by Submerged Pipes’; ‘Observations on the Alkali- 
Aggregate Reaction of Concrete’. 

The U. 
new Denver Federal Center, will have an afternoon of open house for 
ACI visitors with guides to point out many activities and why they 
click. Thursday following the formal program, inspection trips into the 
foothills are scheduled 


5S. Bureau of Reclamation, with an impressive “plant’’ at the 


subject to the weather. 

If you want to be sure, be early; write ACI 1948 Convention Com- 
mittee, 519 Seventeenth Street, Denver 2, Colorado about hotel reser- 
vations. 


p. 12. 


See rates announced in November—reannounced in this issue, 


Get your travel reservations too, now. Don’t miss Denver. 

Kxhibit space at the headquarters hotel is now being reserved at 
$1.50 and $2.50 per sq ft with standard booths 8 ft by 5 ft. Interested 
exhibitors should write to O. O. Phillips, Exhibits Chairman, ACI 1948 
Convention Committee, 519 Seventeenth Street, Denver 2, Colorado. 


BRADLEY DEWEY WILL DISCUSS BIKINI TESTS AT DENVER 


Bradley Dewey, former U. 8. Rubber 
Director, will discuss results of the Bikini 
atomic bomb the ACI dinner 
meeting Tuesday, February 24, 1948, 
in Denver. Mr. Dewey’s observations are 
fresh from personal experience; he was a 
member of the Presidential Evaluation 
Committee, as well as being one of the 


tests at 


two civilian members of the Joint Chiefs 
of Staff Evaluation Board on the spot at 
the Bikini tests. Featured speaker on an 
evening program which includes pre- 
sentation of awards and introduction of 
new officers, he will emphasize new phases 
of the effects of nuclear fission in a talk 
profusely illustrated with slides. 








A scientist in his own right, Mr. Dewey 
is president of the Dewey and Almy 
Chemical Co., and a past-president of the 
American Chemical Society. He received 
the Distinguished Service Medal at the 
close of World War I, and was awarded 
the Medal of Merit for his services as 
Rubber Director and chairman of the 
Guided Missiles Committee in World 
War II. 

Mr. Dewey has long been active as a 
leader in civic affairs, as well as in his 
chosen field of industrial chemical engi- 
neering. A graduate of Harvard Uni- 
versity and Massachusetts Institute of 
Technology, he has received the honorary 
doctor of science degree from Akron 
University, Northeastern University and 
Harvard. He has been active as a mem- 
ber of the school committee in his home 
town of Cambridge, Mass., life member of 
the Corporation of M. I. T. and member 
of the Notre Dame Advisory Council for 
Science and Engineering. 





WHO'S WHO 
D. K. Woodin 


who contributes ‘Precasting Concrete 
Pipe for the San Diego Aqueduct” p. 261, 
is concrete technician for the San Diego 
County Water Authority at San Diego, 
California. Mr. Woodin attended Oregon 
State College, Corvallis, and has since 
served as engineer and concrete technician 
for various organizations. 

He was engaged by the Maritime 
Commission at the National City Ship- 
yard in California during the construction 
of concrete ships, worked on both the 
San Vicente and Salinas River dam pro- 
jects, and participated in construction of 
the Colorado River Aqueduct as an 
employee of the Metropolitan Water 
District of Southern California. He was 
also associated with the concrete work 
on Morris, Pardee and Exchequer dams 
in California, and worked on the tunnels 
of Hoover Dam. An ACI Member since 
1942, Mr. Woodin’s most recent assign- 
ment prior to his present position was 
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that of concrete technician in the U. S 
Navy. 


C. C. Fishburn 

whose paper, “Strength and Slip Under 
Load of Bent-Bar Anchorages and Straight 
Embedments in Haydite Concrete”, 
appears on p. 289 has been a member of the 
Institute since 1929. He received his 
civil and structural engineering training 
at the University of Cincinnati and the 
University of Illinois, and served as a 
research assistant for the American 
Society of Civil Engineers on investigation 
of reinforced concrete arches at the latter 
university in 1924. In 1928 Mr. Fishburn 
became materials engineer with the 
National Bureau of Standards, a capacity 
in which he still serves. In 1933 he was 
co-author of the National Bureau of 
Standards Research Paper 609 which 
dealt with deflections and deformations 
observed in a reinforced concrete arch of 
the Arlington Memorial Bridge. 


Committee 604 

Space does not permit a biographical 
sketch of all committee members re- 
sponsible for the report on p. 309. It is 
appropriate, though to acknowledge here 
the careful work of Chairman R. W. 
Spencer who applied so much effort to 
the detailed preparation of the report. 


ACI Members honored 

Robert F. Blanks, Harmon S. Meissner, 
Ross M. Riegel and F. L. Ehasz have 
been announced by the Board of Direction 
of theAmerican Society of Civil Engineers 
as recipients of A. 8. C. E. prizes for 1947. 
Messrs. Blanks and Meissner will receive 
the Thomas Fitch Rowland Prize for 
their paper “Deterioration of Concrete 
Dams Due to Alkali-Aggregate Reaction”; 
Ross M. Riegel will receive the James 
Lowry Prize for “Structural Features of 
Hydraulic Structures”; Mr. Ehasz will 
receive the Collingwood Prize for Juniors 
for his paper “Structural Skew Plates’’. 
Presentation of the prizes will be made at 
ceremonies held during the A.S.C.E. 


annual meeting in New York in January. 
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New Members 





The Board of Direction approved 119 
applications (79 Individual, 5 Corporation, 
16 Junior, 19 Student) received in October. 

The Membership total on November 1, 
1947, after adjustment for a few losses by 
death, resignation and for non-payment 
of dues, is 3673. 


Individual 

Abrams, A. J., 1648 S. St. 
Chicago 23, Ill. 

Beckingham, H. W., ‘Malvern’, 81 
Regent St., Eccles, Nr. 
Lancashire, England 

Bradbury, W. E., Sheffield Steel Corp., 
Sheffield Station, Kansas City 3, Mo. 

Bruce, William H. Jr., Parsons, Brincker- 
hoff, Hogan & Macdonald, 142 Maiden 
Lane, New York 7, N. Y. 

Bryant, E. R., Universal Atlas Cement 
Co., 412 R. A. 
City 6, Mo. 

Bryant, Virgil C., 456 West St., Upland, 
Calif. 

Burnett, Glenn, Apt. No. 20, 
College Apts., Bellevue, Nebr. 

Butkus, John, Lllinois Institute of Tech- 
nology, 3300 Federal St., Chicago, Ill. 

Cameron, Alan E., Nova Scotia Technical 
College, Halifax, N. 8., Canada 

Chalwin, J., Wymeswold, Near 
Loughborough, Leicestershire, England 


Louis Ave., 


Manchester, 


Long Bldg., Kansas 


Robert 


Vivian 


Cobb, William L., 4702 Deere, Dallas 4, 


Texas 

Colby, Edwin Whitmore, c/o Gilbert 
Small & Co. Inec., 10 State St., Boston 9, 
Mass. 

Collard, Arthur A., Rhode Island State 
College, Civil Dept., 
Kingston, R. I. 

Cooper, C. Winston, 
Montgomery, Ala. 

Coykendall, K. P., 
San Lorenzo, Calif. 

De Reus, 
Glass Co., Drawer F, Berlin, N. J. 

Dodge, Graham, C., 925 Locust St., 
Denver, Colo. 


Engineering 
1120 Bell Bldg., 


275 Via Acalanes, 


M. Edward, Owens [Illinois , 


Durcan, James P., 943 E. 32nd Ave., 
Spokane, Wash. 

Duttachoudhury, Amarendra Nath, Y. 
M. C. A., P. O. Box 43, Vicksburg, 
Miss. 

Evans, Henry P., C. F. Braun & Co., 
Alhambra, Calif. 

Faisant, Joseph Leon, 347 N. Charles St., 
Jaltimore 1, Md. 

Fatin, Salah Eldin, 7 Fatma Ismail St., 
Elorman, Cairo, Egypt 

Forsyth, Benjamin, 1026 President St., 
Brooklyn 25, N. Y. 

Fowler, Fred C., 377 South Orange Ave. 
W., South Orange, N. J. 
Fox, Harold K., Box 1632, 

Calif. 

Fuentes A., Bernardo, Av. Quetzal No. 
15, Guatemala City, Guatemala, C. A. 

Galli, Joseph Nicholas, Apt. 14, 4951 
Coronet Ave., Montreal 26, P. Q., 
Canada 

Galvin, William L., 38-B Brattle St., 
Cambridge, Mass. 


Bakersfield, 


Garza, Humberto S., Zaragoza 
Saltillo, Coah., Mexico 

Goetz, James R., 2844 Thornhill Rd., 
Birmingham 5, Ala. 

Goozman, Irving, 1430 Prospect Ave., 
New York 59, N. Y. 

Guillard, Eugene, Dept. of Civil Engineer- 
ing, University of Texas, Austin 12, 
Texas 

Harboe, Edward M., 
Denver 3, Colo. 

Harper, Terrell R., 
Dallas 1, Texas 

Heckman, Russell F., 1725 Sherman St., 
Denver 5, Colo. 

Hodgson, H., c/o John Laing & Son Ltd., 
Mill Hill, London N. W. 7, England 
Irwin, William H., U. S. Bureau of Re- 
clamation, Bldg. 1-B, D. F. C., Denver 

2, Colo. 

Jarcho, Saul Matri, 42-04 Saull St., 
Flushing, N. Y. 

Jolly, Eugene R., 1709 W. 8th St., Los 
Angeles 14, Calif. 


405, 


1375 Pearl St., 


1920% Main S&t., 
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Kinney, J. Sterling, Head, Div. of Struc- 
tural Engr., Rensselaer Polytechnic 
Institute, Troy, N. Y. 

Lambert, Joseph M., General Industries 
Inc., 311 S. Broad St., Philadelphia 7, 
Pa. 

Larsen, H. J., Hunting, Larsen & Dunnells 
Inc., 1150 Century Bldg., Pittsburgh 
22, Pa. 

Logan, K. E., 2813 Raritan Drive, Rock 
Hill 19, Mo. 

Lovelace, Walter E., 84 Birchwood Ave., 
Longmeadon 6, Mass. 

Loveland, Russ A., Portland Cement 
Association, 33 W. Grand Ave., Chicago 
10, Til. 

Lutz, Godfrey, 84 Summit 
Hastings-on-Hudson, N. Y. 
Meisner, Edward A., 4728 16th N. E., 

Seattle 5, Wash. 

Mesa, Jesus, Colombiana de Construc- 
ciones, Medellin, Colombia, 8. A. 

Muse, Leo J., College of Engineering, 
Louisiana State University, Baton 
Rouge, La. 

Nakamura, Frank Y., c/o Austin Co., 
510 N. Dearborn St., Chicago, II. 

Nilsson, Lars B., Ljusne, Sweden 

Pages y Valdes, Guillermo, C y 3a Reden- 
cion, Marianao, Havana, Cuba 

Parker, Ralph 8., 1607 E. Jackson St., 
Pensacola, Fla. 

Peller, Charles G., 1318 Hyde Park Blvd., 
Chicago 15, Ill. 

Polatty, James M., 308 
Cartersville, Ga. 

Pratt, Leo F., c/o Mead and Hunt, 550 
State St., Madison 3, Wis. 

Rauhala, Erkki O., Helsingintie 10-B-42, 
Lauttasaari, Helsinski, Suomi, Finland 
Ricardo, Ricardo De Sola, Apartado de 

Correo 1003, Caracas, Venezuela 

Riessauw, Felix, Rue St. Pierre-Alost, 38, 
Ghent, Belgium 

Ronai, George, Yenisehir Hanimeli Sokak 
No. 30, Ankara, Turkey 

Rubin, Donald 8., 87 Homestead Ave., 
Albany, N. Y. 


Drive, 


Boatner St., 


Sauer, Raymond W., 7738 8. Paulina St., 


Chicago 20, Ill. 
Shea, John F., P. O. Box 1048, Jackson- 
ville, Fla. 
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Smith, Warren H., Oxford, Mich. 

Solkoff, Ephraim, 161 N. Fairview Ave., 
Spartanburg, 5. Carolina 

Solomon, Joseph 8., 1249 W. 53rd St., 
Los Angeles, Calif. 
Stafford, Julian T., 1626 Silver 
Blvd., Los Angeles 26, Calif. 
Stewart, Peter M., Project Eng. Office, 
Shaw Field, Sumter, 8. Carolina 

Terrell, E. O., Cushing & Terrell, Archi- 
tects & Engineers, Billings, Mont. 

Tillan, John Uuno, 138 Westdale Road, 
Upper Darby, Pa. 

Ugarte, Carlos, Avenida La Paz No. 1191, 
Guadalajara, Jalisco, Mexico 

Valladares, Manuel Kortright, 508 Barki 
St., Santurce, Puerto Rico 

White, Forrest, 49 Church St., Holliston, 
Mass. 

Wiscovish, Rogelio, Box 333, 
Puerto Rico 

Whitten, J., 14 Athol Gardens, Monk- 
seaton, Northumberland, England 

Wolcott, W. Weston, International Engr. 
Co. Ine.. Rm. 309, Chamber of Com- 
merce Bldg., Denver, Colo. 

Woolf, Donald O., Public Roads Admini- 
stration, Washington 25, D. C. 

Yule, Robert B., General Industries, Inc., 
31158. Broad St., Philadelphia, Pa. 


Lake 


Caguas, 


Zynda, Stanley G., 1612 Huntington 
Drive, South Pasadena, Calif 

Corporation 

Aluminum Co. of Canada Ltd., c/o The 
Librarian, 1700 Sun Life’ Bildg., 
Montreal 


East Bay Municipal District, 512 16th 
St., Oakland 12, Calif. (J. S. Longwell) 

T. L. Herbert & Sons, 174 Third Ave. N., 
Nashville 3, Tenn. (S. Larsen) 

Honolulu, Board of Water Supply, City 
& County, P. O. Box 3410, Honolulu 1, 
Hawaii (Frederick Ohrt) 

Soule Steel Company, 1750 Army SBt., 
San Francisco 24, Calif. (N. O. Millar) 


Junior 

Cheesman, William James, c/o Hydro- 
Electric Power Comm. of Ontario, 620 
University Ave., Toronto, Ont., Canada 

Davis, L. J. 
Iowa 


, 1907 Franklin, Waterloo, 
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Gonzales, Luis F. Diez, P. O. 
Gaguas, Puerto Rico 

Gray, Laurence C., 1030 Margaret Place, 
Shreveport, La. 

Greene, Kenneth E., Pacific Gas & 
Electric Co., Electra Project, Jackson, 
Fla. 

Grenier, Guy, 4251 Delorimier 
Montreal, Que. Canada 

Hoyt, Kenneth D., c/o District Engineer, 
APO 942, c/o P. M., Seattle, Wash. 

Hudeck, Albert E., Room 402, City Hall, 
Houston, Texas 

Ismen, Ismail, 31-06 84th St., Jackson 
Heights, L. I., N. Y. 

Kesler, Clyde, Ervin RFD 3, Champaign, 
Ill. 


Box 542, 


Ave., 


Kind], Robert J., 131 Sheridan Ave., 
Bellevue, Pittsburgh 2, Pa. 
Luedke, James A., 100 Post Ave., New 


York 34, N. Y. 

Nelson, Gordon L., Dept. of Agricultural 
Engr., Oklahoma A & M 
Stillwater, Okla. 

Ubides, Julio M., 1003 
Rio Piedras, Puerto Rico 


College, 


Humacao St., 


Wehrli, Richard Eugene, Pickstown, 8. 
Dakota 

Wilson, Edward Lewis, 312 Burt Bldg., 
Dallas 1, Texas 

Student 

Appleton, Joseph Hayne, 105 Talbot 
Laboratory, University of Illinois 
Urbana, Ill. 

Bugg, Sterling Lowe, 60515 New York 
St., Lafayette, Ind. 

Burzenski, Anthony P., 2221 9th Place, 
Renton 2, Wash. 

Denegri, Guillermo, 1 Cadillac Hall, 


Notre Dame University, Notre Dame, 
Ind. 


Disario, Paul C. Jr., 12 Hayes Ave., 
Revere 51, Mass. 
Erdogan, Seyfi, Box 703, Sta A, 


Champaign, III. 

Hansen, Robert J., Room 1-050, M. I. T., 
Cambridge 39, Mass. 

Hognestad, Eivind, 10 5 Talbot Labora- 
tory, University of Illinois, Urbana, II. 

Johnston, Stephen E., Graduate House, 
M. I. T., Cambridge 39, Mass. 


Kaplan, Robert, 564 Quincy St., Brooklyn, 
N.Y. 

Lexier, Easton I., Ste. 12 North Panam 
Apts., Winnipeg, Man., Canada 

Lucke, William N., 108 Maple St 
Malden, Mass. 

Roviralta R., Guillermo, Casa No. 1733, 
av 11 Aranjuez, San Jose, Costa Rica 
Saad, Ezzat, Architectural Dept., Faculty 
of Engineering, Fouad 1 University, 

Giza, Cairo, Egypt 
Shie, Wei-Wu, 931 
Arbor, Mich. 
Sittenfeld, Jorge, 7a Avenida Norte 157, 
Guatemala City, C. A. 
Smith, Arthur R. Jr., 717 
Drive N. W., Atlanta, Ga. 
Vargas 8S. Alejandro, P. O. Box 534, San 
Jose, Costa Rica 
Wu, Joseph Chine-sheng, 2 Cadillac Hall, 
Notre Dame University, Notre Dame, 
Ind. 


*? 


Greenwood, Ann 


Techwood 





Honor Roll 


February 1, 1947 to November 1, 1947 





Newlin D. Morgan leads the Honor 
toll November 1, with credit for 19 new 
members. Robert Blanks is second with 
1216 credits. 


Newlin D. Morgan............... 19 
Robert F. Blanks................ 124% 
Alberto Dovali Jaime............ 12 
Henry L. Kennedy............... 10% 
po eS rr 9 
oe ee ee eee 8 
SOC Bi, TOR. 5 ooo occ see saenaweea’ 7 
ee a ny 7 
Nemuwrice GG. ROGUE... socio ice cwsivcs 7 
Howard BR. Btaiey «.....6cccicccceews 7 
Stanton Walker.... , , ...6% 
Elmo C. Higginson............... 6 
a ee NIE 5 500 5a cane alta 6 
Warren Raeder .. , a 
Dean Peabody Jr. Se 
PT RCE e 5 
OO a a ee re 5 


Lewis H. Tathill. . 
Lloyd R. Bowman. . zs witha 
SL ree ee eee 44 
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Rebert L.. Mauchel...........00:: 4% John C. Sprague..................1% 
ES re a ee eee 1% 
IY 505.5 Siuigso's, wisiinSralae's'ee a8 4 Elbert K. Abberly............. oa oll 
E. Gonzalez-Rubio................ 4 Ree 1 
James A. McCarthy.............. 4 Jerome O. Ackerman........... a 
Ee eer 4 PS eee | 
Ce EET Tee 3% Peter J. Allen.................. wal 
CE ee 3% Eduardo A. Arnal.......... 1 
EE ree 34% JacobS. Aronow............. aad 
Be es ND... wc ccc ccc cccas 3 Roland E. Bansemer................1 
H. F. Gonnerman................ 3 UR a 
gf 3 K. G. Bhate............. 1 
TIN cc wie cs ccaceeseceas 3 H. P. Bigler......... | 
MU IRS oc oc ccecteces ucts 3 E. K. Borchard.................. «i 
Be IIR gs ck cc cee scecse 3 H. L. Bowman............... con 
APU T. TOS... cece 3 Walter Brassert...... sol 
I PIII 5. ect cae 3 Milton Brumer..........4... . 
SOI, occ ec ceeds ccseccve 3 Ernest W. Burke................ Jd 
II, . psec ceccescce ss 2% _~=Jorge Carballo............. 1 
Jerome M. Raphael...............24% Julian B. Carson............ 1 
ee 2% _ S.J. Chamberlin........ al 
ID, ois sinc sees ote ...24% Frank W. Chappell....... oll 
| Ee 2 Arthur P. Clark............ wel 
Castes BD: Bullock................. 2 H. F. Clommer...................00 
Jose Luis Capacete............... 2 R..Torres Colondres........ oa 
oe 2 Aloysius E. Cooke.................. 1 
EE a iwessivescecesys seul R. E. Copeland...... bad 1 
Edward E. Evans................. 2 Dale L. Crippen............ - 
ee 2 Harmer E. Davis............. sa 
8 2 Robert G. Deitrich..... 1 
Harmon S. Meissner.............. 2 William 8. Elliott... .. 1 
Richard C. Mielenz............... 2 Harry R. Erps....... I 
SE er re 2 Narciso Esquivel Y. 1 
Ee Rae oe 2 Phil M. Ferguson........... oa 
Ameen Hh. mydiond................2 pe 1 
MD UID, Cie nec ccescess 2 Jack Figilis..... ee im 
POEM ces acccccccccecccs 2 Robert W. Freeman................ 1 
Emanuel Ben-Zvi.................1% Athol C. Garing................ Jd 
PRE, kbd dco sccee cs codec 1% _ H. J. Gilkey.. soll 
Frederick L. Browne..............1% Grayson Gill 0a 1 
W. Fisher Cassie..................1% Emil A. Gramstorff........... , all 
Wilbur H. Chamberlain...........1% L. E. Gregg........... sail 
IS civ w it raceccescecoccece 1% Ernst Gruenwald............. 1 
William A. Cordon............... 1% Walter N. Handy...... hs ool 
Champ F. Corser............ BO MIS wo wen bss ctesecccwees 1 
ESTE ee eee 1% Luis Gonzalez Hermosillo... ... isk 
Walter Griesbach.................1%  AltonS. Heyser............... ia 
Donald G. Kretsinger............. 1% Lawrence R. Hjorth........... il 
Ws iis DEEEED,:,.....00-- ett eeees 14% Edward L. Howard........ coll 
Oliver Gi. BGiiiieam..... 2.06... c eee 1% Fred Hubbard........... ol 
C. Russell Moir....... |: o>  o | ee sal 
Clarence Rawhouser.............. 1% Phil C. Huntly... 1 





=a 
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Frank H. Jackson.................. 1 oO errr rrr 1 
James H. Jacobson................. ] oe | A ree 1 
MEM cade sess cccecnaseeasoe 1 Gi, Be ede 900+ 00ecenenmeins 1 
Max Jamison,...............-0000. l Ri, Bs kd dindcdnewnad eee 1 
AER ccc ccs cctedceveocceve 1 John H. Swerdfeger................. 1 } 
Walter W. Johnson................. ] Ds INGOT BE OMIIIIONL, 0-5 ociscc'v0's vowacen 1 
Barton Jones. ............ 0200 ecu ee I L. A. Thormpem........0.ccccccccess 1 
Ss EN, Bods ccnvesncdtonesess l ES Tin be a oo 5s swnnwiasnns 1 
John J. Kelley.................0050. 1 FO PO a eas 6 0 os on Bees Ene 1 
Thomas B. Kennedy................ 1 P. H. Vaidyanathan................ 1 
George J. Kerekes.................. 1 Laurence D. Viole.................. 1 
Robert C. Kirchner................. 1 F. E. Votaw.............. 0c ee eee 1 
Lane Knight....................... 1 Wes Ws, WORN 6 0.00 aes sc eenenenks 1 
Douglas 8. Laidlaw................. 1 Frederick N. Weaver............... 1 
Luis A. Pietri Lavie................ 1 i | i 1 
Karl W. Lemcke................... 1 Fo GI, WRB icccccccvcssconstecseauas 1 
David Levine...................00. 1 Bic Gy. WHR bh teinidine cas aoa tai raed 1 
Walter Lohrey...................-. 1 Alexander H. Yeates................1 
A. E. Macdonald................... 1 , x F ‘ 
itteeees Semel 1 The following credits are in each in- 
yh < a lee = stance, “50-50” with another Member. 
Frederic Theodore Mavis............1 Serbert C. Allen Stephen L. Heldrieh 
! 2 >. Alle 8 a L. ie 
Thomas J, McClellan............... 1 Fred G. Allison R.G. Hennes 
James E. McClelland............... 1 OV Antenbring Tia 
‘ McCluer...............ccec-. Joseph Avant Myle Holley Jr. 
Sam MeCluer veel Michel Bakhoum Leonard C. Hollister 
Duncan McConnell................. 1 8S. agen "5 em Hovare, 
E. McFalls 1 tg », Balmer obert 5. Hyslop 
> SERWS De ee eres ccescescccsecosses S. B. Barnes Joseph L. Johnson 
Douglas McHenry........... 1 Ellwood Lewis Bartz R. C, Johnson 
= Jack R. Benjamin Paul A. Jones 
Jose Mendez....................4.. 1 N. K. Berry William R. Kahl 
Rafael Mesa S.... 1 H. - Bezette. ~ Kaiser 
CC Oe er ereserecccers Carlos Blaschitz H. A. Kammer 
Leonard J. Mitchell. .............. 1 A. J. Boase R. R. Kaufman 
. : , J. M. Breen Edgar R. Kendall 
S. Neatwait ..........0.0.0......0005. 1 George C. Britton *oreen 2. i 
Emil J. Novak.. 1 C. P. Brzozowics m. J. Krefe 
PA SVrwwrcenedeocenesnsseseser R. A. Burmeister Arthur Krueger 
Calvin C. Oleson...............000. 1 A. 8. Butterworth T. R. S. Kynnersley 
William Otcovsky 1 wet ¥: any er bi ne “1 
PE 66s ce er edwsranvews J. L. Chadwiec Norman Dale Lea 
7 p Wilbur H. Chamberlin Wm. Lerch 
oe - — boteeeee@eunaseava 1 P's D. Ciresi F. A. Luber | 
rle \ illips. ... 2... eee ee ee ee A. R. Collins taul Lucchetti , 
Ni yO = Ips 1 V. N. Conner H. St. J. R. de Lys- 
iels M. Plum.................000- 1 Herbert K. Cook pee: Gregece 
: > ohn W. Coo . F. Macnaughton 
wag og — cand 6 200s ec sebesanee 1 Rolland Cravens George A. Mansfield 
Ae) 1 edgar A. Cross ryant Mather 
E. H. Darling D. W. McLachlan 
W.S. Powell..................200- 1 E. Davis H. H. McLean 
> G. E. Davis Ernest W. McMullen 
C. C. I ugh Late heete seen ne 0060408 %% 1 Senenhh Di Stasio R. E. Mills 
civacececienhatcants 1 Leslie Dobson R. E. Minshall 
H. G. Doidge R. M. Moorhead 
Theodore oO. Reyhner Peere eT Tere rey 1 Atahualpa Dominguez E. E. Morgan 
. C, Martin Duke John R. Morris 
E. A. Ripperger 1 
— ppe gel PRE 614.0, e BS S49 am ON et Clarence W. Dunham Goorgp H. Nelson 
Manuel Ray Rivero................ 1 as R. Dwyer ae eee 
a Y. Le. base en e u 
We IL. 5s cess aewes< sed 1 Harry Englander F. W. Panhorst 
Alexander P. Rodionov 1 8 §Y. Foy ane Ferro ark 
ee + See + e888 omer G. Farmer filliam E. B. Parker 
Bes IS 5.56 seen so cb bensces 1 Rudolf Fischl Jerome P. Pasquarelli 
» P. J. Freeman Orin G, Patch 
Rae 1 Prank M, Fucil Robert L. Felton 
Sdward J. Glennen enr . terer 
N. L. Shamroy.............6++ e000 I L. E. Grinter Robert E. Philleo 
Thomas C, Shedd.................. 1 Bernardo Guerrero Ernest Pichel 
or Toliff R. Hance James A. Polychrone 
C. Clayton Singleton. .............. 1 W. 8. Hanna Herman G. Protze 
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John A, Randall 
Walter F. Rasp 
Carl F. Renz 
Roger Rhoades 
Paul Rice 

Ross M. Riegel 
Dwight F. Roberts 
D. O. Robinson 
Henry R. Schaefer 
Alphons E. Schmidt 
Herman Schorer 
H. H. Scofield 


Julian B. Shand 
Ralph L. Shelton 

R. R. Sheridan 
Joseph J. Shideler 

bk. C. Shuman 

Arthur P. Skaer 
Aubrey B. Sleath 

I. Copeland Snelgrove 
R. W. Spencer 

M. A. Swayze 

Harold S. Sweet 
Warren H. Thompson 


A. G. Timms 
Manuel A. de Torres 
G. E. Troxell 

Frank Sweeney Tuck 
I. L. Tyler 


Maurice P. Van Buren 


Jose Antonio Vila 
Charles A. Vollick 
James D. Wall 
Donald R. Warren 
Stewart F. Weikel 
Alexander Weinbaum 


December 1947 


E. C. Wenger 
Arthur J. Widmer 
G. M. Williams 
Walter I. Winner 
Ralph E. Winslow 
George Winter 
Herman C. Witte 
Leslie P. Witte 
Harry C. Witter 
Silas H. Woodard 
R. B Young 
Roy R. Zipprodt 








E. W. Scripture Jr. T. Thorvaldson 





ALL-STEEL AGGREGATE BARGES 


Greater carrying capacity and lower 
maintenance costs are cited by Penn- 
sylvania’s largest producer and distributor 
of sand and gravel, the Warner Co. of 
Philadelphia, as the principal advantages 
of all-steel barges in the firm’s Delaware 
River transportation fleet. An ACI 
Member since 1910, the company began 
in 1923, replacing its wooden barges 
with steel barges virtually “tailor-made” 
for Warner’s large scale aggregate delivery 
system, from sand and gravel deposits to 
all principal cities of the Delaware River 
Valley. 

The present Warner fleet consists of 
37 all-steel, 1000-ton flush-deck barges, 
designed and built by Dravo Corp., 
Pittsburgh, in collaboration with Warner 
engineers; three smaller (700-ton) steel 
barges constructed several years ago, and 


27 wooden barges of varying capacity, 
ranging from 600 to 750 tons this year, 
and two steel hopper-type barges for 
dredging 
struction. 


operations are under con- 

The welded steel barges (see illustration) 
are of a “streamlined” design with all 
corners smoothly rounded and reinforced. 
This enables a barge to skid away from 
docks or other barges. Sharp or pro- 
truding corners could rip holes in wharves 
other craft. Welded 


results in easier and stronger fabrication 


and construction 


of “streamline” shaped plates. Warner 
Co. was one of the first to purchase an 


all-welded steel barge after Dravo Corp. 


inaugurated this type of construction in 
1929. 


riveted. 


Previously, steel barges were 





One of the welded steel sand and gravel barges “tailor made"’ for sand and gravel oper- 


ations in the Delaware River Valley 
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William M. Kinney 


vice president for promotion of the Port- 
land Cement Association has requested 
permission to retire under the terms of 
the association’s retirement plan. Accord- 
ing to Joseph 8. Young, chairman of the 
directors, the request was 
granted, and retirement became effective 
October 1, 1947. Mr. Kinney has been 
an ACI Member since 1908 and was a 
director, 1918-1920. 


board of 


Mr. Kinney has been connected with 
the portland cement industry practically 
all of his life. In 1907 after 
graduation Institute as a 
mechanical engineer, he joined the staff 
of the Universal Portland Cement Co. 
In 1914 he was appointed inspecting 
engineer and engineer of that company’s 
information bureau. In 1918 he was 
elected general manager and secretary of 
the Portland Cement 
held until 
became vice president. 


business 


from Lewis 


Association, a 


position he 1931 when he 


Hubert C. Persons 


veteran newspaper and advertising man 
was recently appointed head of the new 
public relations bureau of the Portland 
Cement Association, according to an- 
nouncement by Frank Sheets, president 
of the association. ; 
the P. C. 


bureau staff since 1934, serving in the 


Persons has been -on 
A. advertising and publications 


capacity of assistant advertising manager 
for the past 6 vears. 


Join the 


MARCH 


. 






FIGHT 


INFANTILE 
PARALYSIS 


nn 
George P. Horn 


member of the Institute since 1946, and 
superintendent of the plant of Cementos 
Guadalajara, S. <A., of Guadalajara, 
Jalisco, Mexico, died August 23, 1947 at 
Fort Atkinson, Wisconsin. 

Mr. Horn, who was 59 years of age at 
the time of his death was born at Copley, 
Pennsylvania, studied chemistry and 
entered the cement industry in the Lehigh 
Valley. Following experience at many 
plants scattered throughout the United 
States, in the early 1930’s he joined the 


Longhorn Portland Cement Co., San 
Antonio, Texas, as chief chemist. In 
1943 he was transferred to his latest 


position at Guadalajara which he occupied 
until the time of his death. He is survived 
by his widow, Mrs. Marion L. Horn, 
and a daughter Mathilda of Port Arthur, 
Texas. 


Louis E. Williams 


former member of the Institute, active on 
the local committee for the 1929 ACI 
convention, died in Detroit August 21, 
1947. A native of Michigan, Lou Williams 
graduated from the Massachusetts Insti- 
tute of Technology in 1902 and subse- 
quently engaged in the sand and gravel 
business, during which time he was in 
charge of design, construction and opera- 
tion of several concrete aggregate plants. 
In 1940 he became manager of the Person- 
nel Service, Engineering Society of Detroit. 

Mr. Williams was a former president of 
the old Detroit Engineering Society, past 
Technical 
Societies of Detroit, past president of the 


chairman of the Associated 


Michigan Engineering was 
affiliated with the American Society for 
Testing Materials and the American Road 
Builders Association, and was a charter 


member of the Engineering Society of 


Society, 


Detroit, in whose affairs he had always 
been active. He was recently elected to 
honorary membership in the 


Engineering Society. 


Michigan 
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HOTEL ACCOMMODATIONS—1948 DENVER CONVENTION 
Rooms with Bath 
No. Rooms|-——-_-_———_,--______-_ Distance from 
Hotel Available *Single Double Headquarters 
Shirley Savoy 75 $2.50 and up} Dbl. bed $2.50 and $3.50 Headquarters 
Twins $3.50 on court 
Twins $6.00 outside 
2 connecting 
for 3 to 4 
persons $8.00, $9.00 & $10.00 
Brown Palace 5 $4.85 and up| $7.70 and up 1 block 
Cosmopolitan 75 $4.50 and up| $7.50 and up 1 block 
Albany 40 $3.00 and up| $5.50 and up 5 blocks 
Argonaut 25 $3.50 and up| $5.00 and up 5 blocks 
$8.00 and up—triples 
Auditorium 25 $3.00 and up| $4.00 and up 8 blocks 
Cory 5 none $4.00 and up 1 block 

















*Due to the crowded conditions of the Denver hotels, only 10 percent of rooms will be assigned as singles, 








Engineers needed by Bureau of 
Reclamation 


Men trained and experienced in the 
design of dams, irrigation canals, power 
plants, transmission lines, roads, rail- 
roads, bridges and drainage works are 
being urged to submit applications (on 
Form 57) to the Chief, Personnel Field 
Office, Bureau of Reclamation, Denver, 
Colorado. Engineering positions to be 
filled are in Denver and the 29 field design 
offices throughout 17 western states. 
Starting salaries for these jobs range 
from $2,644.80 to $4,149.60, 


Persons possessing civil service status 
and eligibility for reinstatement may be 
given permanant appointments. At 
present, temporary appointments pending 
establishment of civil service registers 
are being given to engineers who will 
subsequently have to pass civil service 
exams. 


A. S. T. M. annual meeting 


will be held June 21-25, 1948 at the 
Book-Cadillac Hotel in Detroit, Michigan, 
according to announcement by R. J. 
Painter, assistant secretary of the organ- 
ization. In conjunction with this 5lst 


annual meeting will be the eighth exhibit 


of testing apparatus and related equip- 
ment, 


The 1948 committee week and spring 


meeting will be held in 
D. C., March 1-5, 1948. 


Washington, 


E. O. Pritchard 


of Oxton, Birkenhead, England was a 
recent visitor in the Detroit office of the 
Institute. Mr. Pritchard who was making 
an extended tour of the United States 
was particularly interested in studying 
the American practice in the manufacture 
of precast. concrete products and 
machinery for producing them. Mr. 
Pritchard has been an ACI Member since 
1945. 


John A. Ruhling and Carl A. Menzel 


John A, Ruhling, veteran concrete man, 
ACI Member since 1942 and advisory 
committee member 1944-1947, has been 
appointed manager of technical personnel 
training for the Portland Cement Asso- 
ciation. Carl A. Menzel, another Insti- 
tute member and author of numerous 
contributions to the ACI JournaL, who 
has been a research engineer with P. C, A. 
since 1928 succeeds Ruhling as manager 
of the housing and cement products 
bureau. 
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The American Society of Agri- 
cultural Engineers 

which held its winter meeting in Chicago 
at the Stevens Hotel, December 15-17, 
presented several topics of interest to 
ACI Members. The Soil and Water 
Program included a paper on concrete 
farm drain tile by ACI Member W. G. 
Kaiser of the Portland Cement Asso- 
ciation Another paper in the same 
session covered the topic of durability 
of drain tile, while flood routing in the 
design of spillways for small earth dams, 
and results of low-cost concrete flumes 
were also scheduled for discussion. 


Bevel formed by rubber strip 

A new method of forming bevels and 
decorative grooves on concrete surfaces 
with rubber strips attached to the forms 
instead of conventional wood strips has 
been developed by United States Rubber 
Company. The rubber is said to produce 
a smooth finish free of blemishes and it 
can be re-used many times, resulting in 
lower construction costs. 

The strips will be produced in various 
shapes and sizes for bevels and also for 
decorative treatment. They are attached 
to the form with a waterproof adhesive. 
They removed easily without 
chipping the mortar. First use of the new 
technique is on piers for a bridge spanning 
the Chesapeake and Delaware Ship Canal 
at Chesapeake City, Md. 


can be 





PUBLICATIONS RECEIVED 





Handbook of frame constants 

issued by the Portland Cement Associa- 
tion is a reprint of R/C 16 and part of 
R/C 18. Carry-over and stiffness factors 
and fixed end moment coefficients for 
uniform, concentrated and haunch loads 
are given for 660 members with parabolic 
haunches, and for 660 members with 
straight haunches, In each of these tables, 
the left haunch is kept constant while the 
right haunch is given 25 different sets of 
dimensions with the exception of two 


tables in which there are 35 different sets 
of dimensions for the right haunches. 

Lengths of haunches in terms of the 
length of the member are 0.10, 0.20, 0.30, 
0.40, 0.50, 0.75 and 1.00. Depths of 
haunches are given by the ratio r depth 
of haunch to the depth of shallowest 
section, and values of r are 0.4, 0.6, 1.0, 
1.5 and 2.0. Altogether 20 coefficients are 
given for each of the 1,3200 members or a 
total of 26,400 coefficients. 

The book will be distributed by general 
and district offices of the Portland Cement 
Association. 


Radiant heating installations 

is the topic of a new 12-page booklet 
issued by the A. M. Byers Co., Pittsburgh, 
Pa. This publication surveys the progress 
of development and utilization of radiant 
(panel) type heating in the United States. 
Reference is made to the extensive studies 
conducted by the Byers company on de- 
sign, installation and operation of these 
systems. Other free publications which 
include comprehensive design data are 
offered through the company’s main or 
district offices. 


Performance standards 

a new publication issued recently by the 
Technical Office of the Housing and Home 
Finance Agency, proposes performance 
standards for structural elements of the 
house such as floors, walls, partitions, 
ceilings and roofs as well as data on in- 
sulation requirements. The pamphlet em- 
phasizes the importance of developing per- 
formance standards for materials and 
structural systems rather than stating 
requirements in terms of types, grades, 
dimensions, spacings, mixes, or similar 
qualities often specified in building codes. 
It is intended primarily for use by building 
officials, manufacturers, architects, en- 
gineers, testing laboratories, and others 
having a part in production of housing. 


All-welded clamshell buckets 


A new 8-page booklet from C. 38. 


Johnson Co., Koehring subsidiary, con- 
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tains 29 photographs and _ illustrations, 
with discussion of the advantages of 
modern all-welded clamshell buckets. 
Complete specifications are shown for 
three types of Johnson clamshell buckets 
—general purpose, wide-rehandling and 
heavy-duty digging—ranging in size from 
3% to 214 yd. Booklet indicates increased 
bucket strength, improved digging bal- 
ance and stepped-up bucket pay loads. 








December 1947 


Quality control and mix design 
were topics scheduled for presentation in a 
short course at the University of Maryland 
the week of November 17, 1947. Spon- 
sored jointly by the National Sand and 
Gravel Association and the National 
Ready Mixed Concrete Association for 
employees of member concerns, the in- 
struction combined lectures 
ratory demonstration. 


and labo- 





SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Vol. 19 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 35 cents each. 
Starred %& items are 50 cents, or more 
as indicated. Please order by title 
and title number. 


*x BUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE (ACI 
ae een 
Price 50 cents. 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 
Supersedes 43-15 


This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used in this manner. 

Among the subjects covered are: quality of concrete 
allowable stresses; mixing, placing, curing and col 

weather protection of concrete; forms; cleaning, bending, 
placing, splicing and protection of reinforcement; con- 
struction joints; general design considerations; flexural 
computations; shear and diagonal tension; bond and 
anchorage; flat slabs; columns and walls; and footings. 
The quality and testing of materials used inthe construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
a OF A THIN CONCRETE 


S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 
Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. hen joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Present 
herein is the temperature history of a thin concrete dam, 

sed on results of more than five years of observation. 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


x CEMENT-AGGREGATE REAC- 

TE OE GRTEIIRED cc ccccccccccccs 443 
Price 60 cents. 

DUNCAN McCONNELL, RICHARD C. MIELENZ, 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


44-1 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, rizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
and minerals which are susceptible to attack by cement 
alkalies. 

The expansion and cracking of the concrete result from 
osmotic pressures developed in alkalic silica gels that are 
produc by partial dissolution of siliceous rock and 
mineral! substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 
psi. 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANEL......... 
BERT A. HALL—Oct. 1947, pp 129-140 (V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and condensation impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
nated, and the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCle brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration atthe surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 


remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 
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EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
thatthere is in general an optimum gypsum content for each 
cement for minimum loss in weight, a different optimum for 
minimum shortening and still a different optimum for mini- 
mum warping. The data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was still higher. Forthe other cementsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE............. 44-7 


R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189-192 (V. 44) 


Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached toa 
reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


% CHEMICAL TEST FOR REACTIVITY 

OF CONCRETE AGGREGATES 

WITH CEMENT ALKALIES; CHEMI- 

CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 
Price 60 cents. 


RICHARD C. MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-224 (V. 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 
days. 

The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates ot different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 225-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 


in a given story as a function of shear in adjoining columns 
and ot joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Method 
may be directly applied for pane: point loads; other load- 
ings are resolved to equivalent panel point loads. _Illus- 
trated solutions are developed for a six-story bent and an 
unsymmetrically loaded Vierendeel truss. 


PLASTIC FLOW _OF THIN 
REINFORCED CONCRETE SLABS... .44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 


This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. by 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables included three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic low deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic low prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
by the large increases in deflections and strains that were 
obtained over a five-year period. 


%*PRECASTING CONCRETE PIPE FOR 

THE SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 

D. K. WOODIN—Nov. 1947, pp. 261-288 (Vol. 44) 
Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Steel cylinder 
and cage type of reinforcement and a combination of the 
two are described. Cement composition and properties 
and mix proportions are tabulated; vibration methods, 
handling and storage difficulties, preparation of forms and 
reinforcement, placing of concrete and curing conditions 
are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR- 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, 44 in. in diameter, of three kinds, one plain 
and two deformed, were embedded in Haydite aggre- 
gate concrete. The load and slip at the pull-out ends 
were observed for bent and straight anchorages of each 
kind of bar. For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages. Differences 
inthe lug height and lug-bearing area of the two deform 
bars affected the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 

PRACTICE FOR WINTER CON- 

CRETING METHODS..............--44-13 
wary of COMMITTEE 604—Dec. 1947, pp. 309-328 
(V. 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
"why" of some of the recommended practices. Charts 
in the appendix indicate effect of curing temperature on 
concrete strength, and a list of 135 selected references 
to periodical literature on winter concreting methods is 
included. 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 35 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages tn covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 35 cents per copy 


Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages, $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
35 cents per copy (Reprint from ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
35 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 


Proposed Recommended Practice for Winter Concreting Methods 


Reported by Committee 604 for information and discussion only. 20 pages, 
35 cents per copy. (Reprint from ACI JOURNAL, Dec. 1947). uw L 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers in the ACI 10-Year Index (names 
in capitals) and in the Sixth Technical Progress Section of the Feb- > 


| vary 1947 ACI UOURNAL. | 
Feb. Index 
1947 page 
Concrete Products Plant Equipment 
Besser Manufacturing Co., 902 46th St., Alpena, Mich................. 735 
—Concrete products plant equipment 
FLORIDA DIE CASTING FOUNDRY, Orlando, Fla............. 0.20 e eee ee 83 
—Aluminum alloy pallets 
Stearns Manufacturing Co., Inc., Adrian, Mich...............000e eee 725 
—Vibration and tamp type block machines, mixers and skip loaders 
Syaten Company, Homer City, Pa........0cccsccdececscccccescesccs 776 
—Concrete vibrators, block and brick machine vibrators 
TYRA CORP., R. K., Tyra, Minn. (P. O. Forest Lake)........... cece eee ee eeee 77 


—Brick & block machines, mixers, and forms 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa.786-7 
—Truck mixer loading and bulk cement plants, road machinery, 
buckets, and steel forms 


BUTLER BIN CO., Waukesha, Wis..............-ccccececeecccecees Taess5s Oe 
—DMixing plants, cement handling equipment 

CHAIN BELT CO. OF MILWAUKEE, Milwaukee, Wis............762-3.... 81 
—Mixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y......... 772 


—Concrete vibrator equipment 


Construction Machinery Companies, Waterloo, lowa..........-.....-- 745 
—Batching and placing equipment, Jetcrete gun 


Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


INTE SONI gic ob ac ke Aamo che een ae 2 deka hate benwhpeeonn 759 
—Hauling air-entraining concrete 
Electric Tamper & Equipment Co., Ludington, Mich................44: 736-7 


—Concrete vibrators, screeds, portable power plants 
Flexible Road Joint Machine Co., Warren, Ohio 


—Finishing and joint installing machines 


ee es Eo. ne ca diane cdstiherghie sinks Rekiee pS: ns 


—Equipment for unloading and conveying pulverized materials 


Heltzel Steel Form & Iron Co., Warren, Ohio............--0-eee eee 768-9 
—Pavement tension dowels, expansion joint beams 


IRVINGTON FORM & TANK CO., 43 Cedar St., New York 5, N. Y........-- 93 


—Forms for all types of poured concrete 


Jaeger Machine Co., The, Columbus, Ohio............. 6c eee eee eee 738-9 
—Concrete Paving Equipment 


Johnson Co., The C. S., Champaign, Illinois............ 000 cece eee eee 761 


—Automatic mixing plants 


. 
: 
' 
' 
; 
. 
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KELLY ELECTRIC MACHINE COMPANY, 287 Hinman Ave., 

ee le tas di ee Vb baad OED obo 6446 oeees 742-3 

—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois........... 748 

—Concrete vibrators 
preeeeen Ween O., DevIOn 1, CWO... 0... cc ccc ccccecvcuccccvnes 729-3 

—Concrete vibrators and finishing screeds 
New Holland Manufacturing Co., Mountville, Pa...... 0.000.000... 785 


—Crushing plants 


PIONEER ENGINEERING WORKS, 1507 Central Ave., 
EIN cara 50s coke 006 deeb 00s vaceees vases 
—Conveyors 


Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., 
aR RR A a ae ‘heb ha batae OE 
—Form tying devices 





UNIVERSAL FORM CLAMP CO., 1238 N. Kostner, Inside 


UI ER, cc oc ccecscescecceddvecerdces = 744 front 
—Forms, form ties, forms systems, bar supports cove 


Viber Co., 726 So. Flower St., Burbank, Calif................ veeees T5223 
—Concrete vibrators 


Worthington Pump and Machinery Corporation, Holyoke, Mass... . 770 
—Paving Mixers 


Contractors, Engineers and Special Services 


AMERICAN CONCRETE INSTITUTE, New Center Bldg., Inside 
Ne sence coeudseseesver wes 792, 794-! bacl 


Publications about Concrete 


BORSARI TANK CORP., OF AMERICA, 25 Broad St., 
ee oe ck ce swe teas s0ebe nee sees eeeeeee T49 


Designers and builders of concrete tank installations 


COFF, L., CONSULTING ENGINEER, 198 Broadway, 
ep ge a ey ae Tore 77 


Prestressed concrete design 


GARDNER & HOWE, 76 Porter Bldg., Memphis, Tenn 


Structural Engineers 
j 


Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass 1 AC 
Grid system of concrete construction 


INERTOL CO., INC., 470 Frelinghuysen Ave., Newark 5, N. J. 


Specialists in manufacturing and surface coatings 

JACKSON & MORELAND, 31 St. James St., Boston 16, Mass... . 
Engineers, consultants 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y...... 728-9 
Floor finishing methods 


PREPAKT CONCRETE CO., THE, and Intrusion-Prepakt, Inc., 


Union Commerce Bldg., Cleveland 14, Ohio. ............0605. ..731-4.. 72, 73 


Pressure filled concrete 


RANDALL AND SONS, FRANK A., 205 W. Wacker Drive, 
Chicago 6, Ill.. Sasha acute achdsae Abia asa ese 
Buildings and foundations 


RAYMOND CONCRETE PILE CO., 140 Cedar St., New York 6, N.Y.. 730 


Pile foundations 


ROBERTS AND SCHAEFER CO., 307 No. Michigan Ave., 
ee ese das ahs ONbNe a bN4 SN aR EOS ws 000 .. 756 
Thin-shell, reinforced, concrete design 
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SAXE, WILLIAR & ROBERTSON, 130 W. Hamilton St., 
Baltimore 1, Md. tar 79 
Engineers-consultants 
SMIDTH & CO., F. L., 11 West 42nd St., New York 18, N. Y 97 
Cement making factories and machinery 
Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa. 166 
Forms and lifters with suction controlled concrete 
Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark, N.J...790-1 
Waterproofing 
Calcium Chloride Assn., The, 1028 Connecticut Ave., N. \ 
Washinaton, D. ¢ . . BS 
( sicium chloride 
DEWEY AND ALMY CHEMICAL CO., imbridge 40, Ma 164.5 89 
Air-entraining and plasticising agent 
Haydite Manufacturers, Buffalo i Kans as City; Toront t si 
th Park, Ohio; San Rafael, lif; Dany ile HWlinoi 741 
Lightweight aggregate 
Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif. : 774-5 
C uring ¢ omp yunds 
Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois. 724 
Reinforcin« + Ws 
Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y.. 126-7 
Cements and cement performanc e aata 
Master Builders Co., The, ¢ le veland, Qhio; Toronto, Ont ...777-84 
Air entrainme nt ind ce ment een ion 
PERMAFLEX PRODUCTS CO., 1840 N. Front St., Philadelphia 29, Pa 3 
Flexible concrete for floor resurfacing 
RAIL oveEL BAR Aauenetdennte 38 S. Dearborn St., 
Chicago 3, Illinois... . 0... ce cc ww wwe ee ee ee eee eee teesees 793.... 85 
Concre te reintorcina bors 
SIKA CHEMICAL CORP., 37 Gregory Ave., Passaic, N. J..... .750-1.... 6&9 
Waterproofings and densifier 
Techkote Company, 821 W. Manchester Ave., Inglewood, Calif... 760 
Concrete curing compounds 
United States Rubber Co., Rockefeller Center, New York 20, N. Y.... 758 
Form lining 
WEBRIB STEEL CORP., 120 Broadway, New York 5, N. Y. Outside 
: Concrete reinforcing bar: back cover 
Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa........ . 721 
Testing equipment 
CONCRETE SPECIALTIES CO., Coulee Dam, Wash... .. eee 789... 70 
Entrained air meters portable testing machines, and sulphur 
capping o yutfit: 
Gilson Screen Company., P. ©. Box 186, Mercer, Po. 755 
Mechanical testing screens 
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its members and the engineering profession generally, by gathering 
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Economy in Structural Design 


By |. E. MORRIS 


Member American Concrete Institute 


SYNOPSIS 


High construction costs today challenge the engmeer to produce 
sound money-saving designs without too rigid an adherence to conven 
tional patterns. The value of good engineering judgment is emphasized 
Slab band construction is suggested for cutting cost, since expensive 
beam forms may be eliminated, story heights are decreased and pipe and 
conduit installations are simplified. Ideal layouts and dimensions for 
slab band construction are noted, and design for shear resistance is con 
sidered. The author cites personal experience in the design of floor 
framing for a 12-story, 500-bed hospital. Five different designs (all 
illustrated) were prepared and cost comparisons made. Of the five 
(slab band, dropped beam, conventional concrete beam and slab and 
two types of encased structural steel) the slab band system proved least 
expensive, with dropped beam construction a close second 


INTRODUCTION 


‘The word “economy” in the title of this paper should not be taken too 
literally, for such words sound a bit ludicrous with construction costs 
at such fantastic heights. If we reduce by 15 percent a price which has 
been inflated 100 percent, there is a measure of economy, but it is high- 
priced economy. 

Present-day high construction costs constitute a detinite challenge 
to the ingenuity and resourcefulness of the structural engineer. He should 
look with a critical eye at all the so-called standard details which have 
been in use for generations and ask himself whether any of them are 
obsolete, unnecessarily expensive, or simply unnecessary He should 
try to attain a more objective point of view and proceed under his own 
power, using newer ideas based upon the reality that high labor costs 
are likely to prevail for a long time. The fact that a thing has been done 
*Prenented at the ACT regional meeting, Mirmingham, Ala., October 6, 104 


iC'onaulting engineer, I. 1 Morri« and Associates, Atlanta, Ga 
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a certain way in the past does not mean that it cannot be done any other 
way. This critical analysis, however, requires a rather intimate knowl- 
edge of field practices and labor costs. Sometimes a detail which is a 
thing of beauty on a drawing can be a nightmare to the contractor and a 
severe pain in the owner’s pocketbook. 


It is true that the practicing engineer’s margin of profit on the average 
job does not warrant a great deal of preliminary cost study. He must 
rely on his experience to guide him in choosing the best suited and most 
economical type of framing for a particular job. If the structure is to 
be fully fireproof, many types of flimsy construction are automatically 
eliminated. Usually the choice is between an all-concrete frame and a 
fireproofed steel frame. If the building is more than 16 stories high, the 
steel frame will often be found more economical, but an all-concrete frame 
should not be chosen simply because the engineer likes concrete; and 
conversely, a structural steel frame should not be chosen merely because 
he likes steel. The owner’s interest should be paramount at’ all times. 
Generally speaking the type of construction which requires the least 
amount of skilled labor is the most economical. This is the reason that 
monolithic concrete buildings show unexpected economy, particularly 
when a considerable re-use of forms is possible. 


But regardless of the material used in the frame, there are numerous 
minor economies which a good designer can work into his design. For in- 
stance, given a certain bending moment, the engineer can—if architectural 
limitations are not a factor—choose a beam depth which would require 
reinforcement ranging from four 5-in. rounds with no stirrups to ten 
1144-in. squares with 60 stirrups. Obviously, the most economical bal- 
ance between concrete and steel would be somewhere between the two 
extremes. It would not be feasible to enter into extended mathematical 
‘alculations to determine the exact point at which concrete and steel 
would be balanced economically, but if one has ever watched a steel 
setter place steel in forms, his judgment, or intuition, should enable him 
to arrive at the proper proportion. In short, the engineer who is blessed 
with a slight touch of genius should have a “feel’’ for the most economical 
proportions, just as the true artist can put into his pictures something 
which is beyond the attainment of the ordinary individual. But, per- 
haps mentioning structural design and art in the same sentence is 
sacrilege. 


SLAB BAND SYSTEMS 


About three years ago, when high construction costs became partic- 
ularly troublesome, the writer studied contractor’s estimates of several 
large jobs in an effort to determine exactly at what point to attack the 
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problem of structural costs. Formwork was the principal offender. It 
was apparent that the elimination of beam forms would reflect a sub- 
stantial saving in the total cost of the structure, but beam forms could 
not very well be dispensed with unless some means could be found for 
the elimination of beams. This necessity brought to mind the type of 
construction involving slab bands, which are actually wide shallow 
beams. When these bands are used with solid slab floors, the amount of 
beam forming is greatly reduced and the construction simplified. When 
they are used with ribbed slab floors, in which case the band depth is 
the same as the depth of the ribbed slab, the contractor has only to build a 
deck at the ceiling level. This takes the formwork out of the beam classi- 
fication and puts it in the slab classification, which is much cheaper. 
Moreover, since there are no projections below the ceiling, all mechanical 
work is simplified. Pipes, ducts, and conduits may run in unbroken lines 
between any two points. Story heights may be reduced from 4 to 12 in. 
with a consequent saving in vertical runs of pipe, ducts, and elevator 
framing. All shoring may be cut the same length and used without 
alteration in the upper stories, provided the story-heights are the same. 
In fact, there are numerous intangible economies which cannot very 
well be itemized. It is clear, however, that such economy in the struc- 
tural design is reflected in nearly every phase of the construction. 


Slab bands are not new to the construction industry.* They have been 
used to a considerable extent in several parts of the country. The author 
first used them in 1927, but, since such members require more steel and 
concrete than the orthodox drop beam, they did not become popular. 
At that time, labor was comparatively cheap, so designers placed more 
emphasis on the saving of material than on the saving of labor. Even 
today, when one first sees a floor layout of these wide bands, it seems 
incredible that they could be more economical than beams dropped below 
the ceiling. However, contractor’s estimates on dozens of jobs have 
proved the economy of such construction. 


The ideal column layout for slab bands is a spacing of 14 ft to 18 ft in 
the direction of span of the bands, and a spacing of 16 ft to 20 ft in the 
direction of the span of the joists. But the economy holds for joist spans 
as great as 30 ft, with spans of 25 ft or more for the bands. The live 
loads should preferably be not more than 100 lb per sq ft. Such spans 
and loads are, as a rule, ample for structures like hotels, hospitals, and 
office building; in other words, buildings for human occupancy. 


The writer has used band widths ranging from 1 ft to 5 ft, but in nearly 
every instance the bands supported ribbed slabs. It is well in the case of 
extreme widths to investigate transverse bending at the supports, where 


*Willson, C. A., “The Corridor Beam Floor,’’ ACI Journat, Nov. 1939, Proc. V. 36, p. 165. 
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the condition is the same as that of a column supported by a combined 
footing. 

To derive maximum economy from the slab bands, careful considera- 
tion should be given to shear. Because of the slight effective depth of the 
bands, usually about 12 in., the maximum stirrup spacing can seldom 
exceed 6 in. Moreover, because of the band width, a better distribution 
of shear reinforcement is realized if the stirrups are doubled, or even 
trebled; that is, at each point where stirrups are required, there would 
be four or six vertical legs equally spaced, or approximately so, across the 
width of the band. It is obvious that, with stirrups so arranged, if they 
should be placed over 5 or 6 ft of the span, a tremendous number would 
be required. The solution is to make the bands of such width that the 
unit shear will be low, preferably 75 to 100 psi, the lower figure being 
desirable for extreme band widths. These values, of course, are based on 
ordinary anchorage. With special anchorage, they could be corres- 
pondingly increased. But it is nearly always cheaper to pour a small 
amount of additional concrete than to place innumerable small stirrups. 

This statement regarding concrete does not apply to beams alone. 
Many engineers, when designing columns, will start at the roof with a 
12x12 and increase the size one or two inches in each story all the way 
to the footing. There possibly was economy in such practice 20 years 
ago, but now it is cheaper to use the same concrete size for several stories 
than to continually alter the forms. A carpenter’s wages for one hour 
will pay for several cubic feet of concrete. Also, in a large floor slab, a 
good many dollars may be saved by giving a bit of thought to the size 
and spacing of slab steel. When placing such steel, it is the nature of a 
steel setter to pick up and place one bar at a time. If the bars are 3¢-in. 
rounds at 4 in. on centers, for instance, he must make more trips than if 
he were placing 1%-in. rounds at 7 in. on center. These considerations 
are minor where only a few bars are involved, but they assume major 
proportions where there are thousands of bars. 


COMPARISON OF COSTS 


Recently when the writer’s firm was retained to do the structural 
design of a 12- story 500-bed hospital, there was an opportunity to make 
rather extensive cost studies in an effort to take advantage of every 
possible economy. The assignment was simply to produce a fully fire- 
proof frame at the least cost. Choosing one wing of the first typical floor, 
layouts were made and numbered Type 1 to Type 5. In order to include 
the supporting columns, the first typical floor was chosen because at that 
level the column size was about an average. 

Along a longitudinal axis, the column spacing was 22 ft. Transversely, 
there were two exterior spans of 18 ft and one interior span of 8 ft. Ordi- 
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Fig. 1—Floor framing, Type 1 


narily, beams would have been placed over the 22-ft spans, with joists 
spanning in the shorter direction. But, since the joists were to be made 
deeper than usual, in this case 12 + 2)5 in., in order to obtain greater 
depth for the bands, the usual procedure was reversed and the joists 
spanned in the direction of the longer column spacing. This arrangement 
(Fig. 1) was called Type 1. 

The 12 + 24-in. slab, with 4 in. wide joists supported by bands 36 in. 
wide, required only two 5-in. round bars in each joist. Thus, large 
areas of the floor were supported by very light steel. And since the extra 
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Fig. 2—Floor framing, Type 2 








depth purposely introduced into the floor slab was in the ribs and not the 
topping, the extra concrete was not a serious consideration. The bands, 
of course, required considerable steel, in some cases eight 7-in. rounds, 
but these bars, extending in the shorter direction, did not build up the 
tonnage excessively. 


It should be noted here that, in construction of this kind, the joist 
span is taken as the center to center distance between columns, so that 
no reduction of negative moment may be taken at the edge of the band, 

-as is frequently done in the case of solid slabs; but shear, and compression 
at the bottom of the joists, may properly be taken at the edge of the 
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bands. For Type 1, the cost per sq ft of floor, including columns, was 
only $1.20. Remember that no allowance was made for simplification 
of formwork and mechanical work, or for the reduced story height per- 
mitted by use of the shallow bands. In other words, intangible economies 
were not evaluated. 

Type 2 shown in Fig. 2 was identical to Type 1, except that dropped 
beams were substituted for the slab bands, and the joist slab was made 
one inch shallower; but the narrow beams with the consequent shifting 
of the point of critical shear toward the column center line, required 
5-in. wide joists. With this joist depth, the beams projected 6% in. 
below the ceiling. Here the ceiling is considered to be at the bottom of 
the joists, and not a suspended ceiling used to cover ducts and pipes. 


The decrease in depth of joist did not save any concrete because the 
width increased ; moreover, the decrease in depth required a bit more steel. 
But the beams required less steel and concrete. Despite this saving in 
material, though, the cost of the floor increased $0.07 per sq ft, an in- 
crease brought about by the introduction of beam forms and an increase 
in the length of columns. Since it was necessary for air-conditioning 
ducts to pass under the beams, and to maintain a minimum distance 
between floor and suspended ceiling, this type of framing required an 
increase in story height, thus necessitating the longer columns. But 
again, with the exception of the columns, the cost of $1.27 pér sq ft 
does not reflect the added cost of the increased story height. 


Type 3 (Fig. 3) involved an encased structural steel frame, with the 
main beams spanning transversely, the same as the slab bands of Type 1. 
The joists were the same as those of Type 2, but the beams, including 
the concrete encasement, projected only 41% in..below the ceiling. It is 
interesting to note here that, while in this type the steel beams, including 
the encasement, were 14 x 18 in. in cross-section, the concrete beams of 
Type 2 were only 14 x 20 in. Therefore, the formwork was very nearly 
the same, and the comparison in cost was virtually between a rolled steel 
shape and a few reinforcing bars. In addition, while the provisions for 
wind moments in the concrete frame were simple and inexpensive, 
similar connections in the steel frame involved considerably more ex- 
pense. The cost per square foot of this type was $1.87, or an increase of 
56 percent over ‘Type 1. 


Type 4 (Fig. 4) was another concrete frame, with the main beams 
spanning 22 ft and extending along each side of the corridor, with the 
joists spanning transversely; that is, two exterior spans of 18 ft and an 
interior span of 8 ft. In this case the joists were 5 in. wide, 25 in. on 
centers and 12! in. deep (10 in. ribs with 2) in. of topping). This 


ami avout is perhaps more representative of pas “actice than any 
framing layout h I ntative of t practice than any 
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4 ; . R , 
: other type mentioned. For years, it has been almost routine procedure 
é to run a line of beams down each side of the corridor and span joists 
ry across the building. In many instances, there was a good reason for so 
: doing, because the architect did not like beams projecting down into bed- 
: rooms and offices, but probably in the majority of cases, the practice 
iz was solely the result of habit. In any event, even with the 2 ft increase 
| in span, it was possible to use 14 in. x 20 in. beams, but to provide for 
wind, transverse beams were required in addition to those along the 
corridor. Therefore, there was less concrete in the slabs of this type than 
B in Type 2, but the joist steel areas were identical. There was more steel 
?) ° . . 
‘9 in the corridor beams than in the transverse beams of Type 2, and the 
* 
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At the risk of becoming repetitious, the 
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all this, the square foot cost of the floor was only $1.40, a saving of 331% 


flect the extra expense of an increase in story height required to maintain 
ceiling clearances, nor the cost of offsetting ducts and pipes in order for 


author would like again to point out that the cost of $1.40 does not re- 
them to pass under beams. 


percent over the steel frame of T 


over the slab bands of Type 1. 
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Fig. 5—Floor framing, Type 5 
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that is, main beams extending along each side of the corridor, 


with transverse beams which resist wind only. The joist depth, spacing, 
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The writer has on a few occasions seen a framing layout the same as the 
one we called Type 5, (Fig. 5) but it is difficult to understand how the 


engineers could have had any thought of economy. 
comparison was between a rolled steel shape and a few reinforcing bars. 


concrete beams of Type 4. So, here again, with no saving in formwork, 


cluding the encasement, were 20 in. deep, the same as the corresponding 


structural steel beams were placed exactly as the concrete beams of 
and reinforcement were the same as for Type 4, but the main beams, in- 


used mainly to illustrate the bad along with the good. 


Type 4 
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The major weakness in the layout, however, is the transverse wind 
beams, with their expensive moment connections. Such beams function 
only in the case of high winds. The remainder of the time, they are idle 
while all other members are working. And no member in a building frame 
should be a drone. Wherever possible, it should perform a double duty. 
When the principal beams in a structure of this type span transversely, 
they perform the double function of resisting wind loads and static loads. 

The square foot cost of Type 5 was $2.07, or 7246 percent more than 
Type 1. This should indicate rather conclusively that the engineer can, 
by a little extra effort, and the exercise of a bit of ingenuity, reduce the 
cost of construction and increase the importance of his position in the 
social structure. 

When the plans for the hospital were completed and final estimates 
made, the above figures were compared with contractor’s bids on three 
other similar hospitals in which the usual drop beam construction had 
been used. The cost of the structural frames of these hospitals ranged be- 
tween 23 and 28 percent of the total cost of the structure, not including 
equipment. The cost of the structural frame of this building was 17 
percent of the total cost. 

The unit costs used in the estimates were those in use at the time by 
contractors in the Birmingham, Ala., territory, but a change in these 
unit costs would not materially affect the result of these studies, because 
the same values were used for similar materials and similar classes of work 
in all of the five types. Therefore, the comparative costs, would remain 
essentially the same, unless there should be a major change in the price 
of one of the basic materials without corresponding change in the others. 

It might be of interest to add that the slab band type of construction 
was used in the design of a 250-bed hospital on which the author was 
engaged as structural consultant. This building, designed by engineers — 
not in the author’s employ and over whom he had only the most general 
supervision, had a structural frame cost of onlv 1714 percent of the total. 
The buildings were designed as elastic frames, with the same loads and 
the same concrete-and-steel stresses. And where the cost of a structure 
runs well into the millions, such savings are worthwhile. 

When buildings are designed as elastic frames, the engineer’s costs 
increase sharply because of the time consumed in the calculation of com- 
bined stresses in columns. Perhaps the elastic frame principle would be 
applied to more buildings if it were not for these troublesome combined 
stresses. There are now available column load tables* from which may 
be taken the allowable load on any column having an eccentricity of load 
not exceeding 14 in. 


*Morris, I. E., “Allowable Loads on Eccentrivally Loaded Concrete Columns.” See Current Reviews 
section ACT Journar, Dee, 1947, Proc. V. 44, p. 339. 
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Discussion of a paper by I. E. Morris: 


Economy in Structural Design* 
By WALTER H. WHEELER and AUTHOR 
By WALTER H. WHEELER! 


In his interesting paper Mr. Morris has brought out a very important 
cost factor, which has been too much neglected by structural engineers. 
Simplification of form work has been an important factor in bringing 
down the cost of reinforced concrete buildings ever since the writer 
began designing and building them 40 years ago. Under present con- 
ditions it might be called the major factor. 

It seems appropriate to point out that there is another type of slab 
band design which Mr. Morris did not mention in his paper, namely, 
two-way flat slab design. The basic formula which has been in use 
for this type of design since about 1916 is a two-way slab band design 
in so far as the column bands are concerned. If the formula .V,=0.09WL 
is broken down into its column bands and middle bands, it will be seen 
that the negative moment in the column band equals WL/24 and that 
the positive moment equals WL/48. In applying the formula in flat 
slab design, allowance is made for span shortening due to the column 
capital by deducting 24 of the diameter of the capital from L. 

Hence, in any case where a flat slab design can be used there is a 
substantial reduction in both slab thickness and the amount of rein- 
forcing steel required by using the flat slab design. 

The writer has used flat slab design with very satisfactory results 
for many years for a great many cases for which it is not ordinarily 
considered. Such cases include hospitals, schools, dormitories, apart- 
ment houses and other buildings where there is usually a corridor down 
the center of the building and rooms on either side. This, of course, 
results in having a short span over the corridor and a long span over the 
rooms, unless the columns are located along the inside line of closet and 


*ACL Jounnat, Jan, 1048, Proc, V, 44, p. 349, 
(Professional Engineer, Minneapolis, Minn, 
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bath room partititions. It is the writer’s experience that if the wall 
bays can be made approximately square, flat slab, generally speaking, 
is still the most economical construction regardless of the short span 
over the corridor. It is desirable to have the columns on both sides of 
the corridor line up. In some buildings of this type it has been found 
advantageous to have only one line of columns along one side of the 
corridor, This results in two bays across the building of unequal span. 
Even under such conditions the writer has found flat slab to be the 
economical construction, where the bays can be approximately square. 
The ideal arrangement is to locate the columns along the closet and 
bathroom partitions. Quite a number of such buildings have been laid 
out in this way in the writer’s practice and the results have been very 
gratifying. 

Mr. Morris has also called attention to the fact that there are many 
economies in the cost of the complete building which result from the use 
of a flat ceiling structural design. This also is a point that is too frequently 
overlooked by structural engineers. It is the cost of the finished product 
that is important coupled with the cost of operation and maintenance. 
There have been a number of cases in the writer’s experience where the 
use of flat slab construction gave a lower cost for the completed building 
and a lower cost of operation and maintenance and was selected for that 
reason, although for the structural work alone there was no economy 
and in some cases a slightly higher cost. 


AUTHOR'S CLOSURI 


Mr. Wheeler does well to mention two-way flat slabs as an economical 
type of construction; however, the ACT Code has definite requirements 
as to ratio of length to width of panels when the coefficient 0.09 is used 
in the formula for the numerical sum of positive and negative moments. 
For other ratios of panel length to width, the slabs should be designed 
by application of the priciples of continuity, using a recognized method of 
elastic analysis. lor this reason, many designers are reluctant to attempt 
the design of a flat slab unless the panel sizes and the spans are such as 
to permit the use of coefficients; and unfortunately these conditions 
are seldom found in such structures as office buildings, hospitals and 
hotels. Also, most architects object to the flat slab in buildings for 
human occupancy unless the column capitals and dropped panels are 
omitted, This requirement poses still another problem for the designer, 
particularly one of limited experience, and inclines him to resort to the 
old dropped beam construction with which he is familiar. 

But the foregoing is intended in no way to detract from the eflieacy 
of the flat slab principle. The writer uses such construction wherever 


conditions favor it. In “Keonomy in Structural Design’, the virtues 
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of flat beam construction were extolled more or less exclusively, not alone 
because of its economy but because of its simplicity and its application 
to virtually all conditions found in buildings. Moreover, in recent months 
several articles on the design of flat slabs, including those without 
dropped panels or column capitals, have been published. It was felt 


that nothing of import could be added to the information contained 
in these articles, 
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Study of Causes and Prevention of Staining and 
Pop-Outs in Cinder Concrete” 


By S. G. SEATONT 


SYNOPSIS 


This paper reports a study of cinder aggregates designed to determine 
the cause of stains and pop-outs in cinder concrete and to develop 
methods of cinder treatment to eliminate trouble from these sources, 
The causes are identified, a simple method is described for detecting 
the presence in cinders of the impurities causing stains and some classes 
of pop-outs, and at least two practicable methods are presented for 
cinder treatment. Correlation between laboratory tests and field per- 
formance of concrete masonry units is shown and a specification is sug- 
gested to minimize the occurrence of stains and pop-outs, 


INTRODUCTION 

Although cinders hive been widely used many years as aggregates in 
lightweight concrete, particularly in the manufacture of concrete masonry 
units, the properties of cinders have been the subject of comparatively 
little study. 

The results obtained with cinder aggregates have, in general, been 
highly satisfactory. However, in some instances it has been observed 
that blocks made from some cinders have shown a tendency to develop 
surface stains and pop-outs after exposure. Such surface conditions, 
while not structurally significant, create an unsightly appearance and 
consequently may seriously detract from the otherwise excellent qualities 
of this type of construction. The increasing use of painted concrete 
masonry for exterior walls of residences and other buildings has focused 
attention upon this problem and has indicated the urgency of devising 
adequate practical methods for minimizing the trouble. 

Accordingly, a study of the problem was undertaken by the Develop- 
ment Department of the Portland Cement Association with the eco- 


*Received by the Inatitute Auguat 1, 1047, 
tFormerly Research Chemiat, Development Department, Portland Cement Association, Chicago, Tl 
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operation of a group of cinder block producers. The objectives of this 
study were as follows: 
1. Identification of the impurities responsible for stains and pop- 
outs. 
2. Development of a simple method for their detection. 
3. Establishment of specification limits on impurities. 
4. Development of methods of treating cinders either to remove or 
neutralize impurities. 


DEFINITION OF TERMS 


The very nature of cinders makes it difficult to define the term “im- 
purity’? as applied to this material. It should be made clear that this 
investigation was concerned with only such substances as might be 
responsible for stains or pop-outs in cinder concrete and only those sub- 
stances will be referred to as impurities. 

Although the terms “stain”? and “pop-out” have been rather loosely 
applied to describe any blemish on the face of a concrete masonry wall, 
it was found possible to define and classify them rather clearly. 

A stain may be defined as a discoloration, varying from nearly black 
to reddish brown in color, which is not evident on a freshly molded block, 
but which may develop at any time subsequent to its manufacture. 
Stains result from chemical reactions which take place in some com- 
ponent of the block, the reaction products being carried to the surface 
and deposited. Stains may not be accompanied by any apparent dis- 
ruption of the concrete. 

Pop-outs are divided into two distinct classes here designated as Class | 
and Class 2. A Class | pop-out results from a small area on the surface 
of the block breaking away from the surrounding concrete, the loosened 
portion frequently falling from the block and leaving a cone-shaped hole. 
These pop-outs are caused by a disruptive force of considerable mag- 
nitude generated at some point beneath the surface of the block and are 
seldom accompanied by appreciable staining. 

A Class 2 pop-out is quite different in its nature and is almost in- 
variably accompanied by considerable staining. An expansive reaction 
forces a comparatively small opening in the surface of the block without 
disrupting the surrounding conerete to any appreciable extent. The 
reaction products appear to be carried to the surface by extrusion and 
often cause stains of considerable size. 

A field survey indicated that staining was currently much more 
prevalent than popping. Stains were found on blocks in nearly all areas 
visited and were frequently accompanied by the formation of Class 2 
pop-outs. Class | pop-outs were found in only a few places. 
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CAUSES OF STAINS AND POP-OUTS 
Results of survey 

A questionnaire submitted to cinder block producers provided little 
specific information on the subject of cinders. ‘The occurrence of stains 
or pop-outs was not confined to any one section of the country nor to 
cinders from any particular kind of coal. One fact which appeared 
significant was that block producers who stockpiled cinders for a con- 
siderable length of time reported less trouble than those who used fresh 
cinders. 

With the cooperation of producers throughout the country several 
hundred samples of stains and pop-outs were collected from the walls of 
buildings and from block stock piles. Samples of cinders were obtained 
from approximately 40 different sources, but there was little evidence to 
connect cinders from one particular source with the performance of block 
made in a plant using those cinders. Nearly all producers used cinders 
from several different sources, frequently all combined in a common 
stockpile. Stains or pop-outs may not be observed for a considerable 
time after the blocks have been made and when they are found it usually 
is impossible to identify the exact source of the cinders, 

Microscopical analysis of samples of stains and pop-outs provided 
identification of the causative factors and in many cases it was possible 
to trace the course of the reactions involved and to recognize many of the 
intermediate compounds formed. 
lron stains 

In all cases of staining the cause was found to be iron in some form, 
a fact often indicated by the color of the stain. However, removal of 
tramp iron from cinders will not eliminate staining. In nearly all samples 
analyzed the stain was traced to iron or iron compounds inherent in the 
cinders themselves, so that removal of particles of so-called tramp iron 
would not eliminate all potential sources of staining. 

Much of the iron present in cinders results from the presence in many 
coals of the mineral pyrite (iron sulphide). The nature of the iron com- 
pounds is largely determined by temperature and the availability of 
oxygen during combustion of the coal. At high temperatures in the 
presence of air, iron sulphide is converted to iron oxide and sulphur 
dioxide. ‘The residual iron oxide may in turn be partially reduced to 
metallic iron if exposed to high temperatures in contact with carbon 
from the coal. Incomplete pyrite decomposition may leave some iron 
as other iron sulphides, and frequently particles of undecomposed pyrite 
are found embedded in pieces of partially burned coal or coke mixed with 
the cinders. 

There is no evidence that the presence of MegOy or FesOy in cinder 
concrete is particularly dangerous, but metallic iron or any iron com- 
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pounds which are capable of decomposition in the presence of air and 
moisture must be considered as dangerous impurities. For example, 
iron sulphide will react in the presence of air and moisture to form iron 
sulphate. This compound may hydrolyze or it may react with lime in 
the concrete to form iron hydroxide and calcium sulphate. In either case 
insoluble iron hydroxide will be deposited as a stain. 


Pop-outs 

Microscopical studies of pop-out samples show four distinct causes of 
this trouble:* free lime, free magnesia, iron, and calcium sulphate. 

Free lime—The detection of either free or hydrated lime in pop-outs 
was not entirely unexpected, since it had been reported by other in- 
vestigators. However, microscopical analysis served to explain why only 
a certain form of lime is a potential source of pop-outs. The quantity 
and physical characteristics of hydrated lime found in many pop-out 
samples proved that it did not result from hydration of the lime com- 
pounds in portland cement, but came from a peculiar form of “hard- 
burned” lime in the cinders. 

Free lime may be formed in cinders by the decomposition at high 
temperatures of calcite (calcium carbonate), or the minerals gypsum or 
anhydrite (calcim sulphate), any of which may be present in some coals. 
At high temperatures these impurities may produce small, hard-burned 
particles which react quite differently from ordinary lime. ‘These particles 
hydrate so slowly that it is possible for them to pass through the mixer 
and become embedded in a block before hydration has proceeded to 
an appreciable extent. When it does take place, it is accompanied by a 
considerable increase in volume, developing high pressures in a restricted 
space and often resulting in a pop-out. This pop-out is seldom accom- 
panied by staining and is identified as Class 1. 

Free magnesia—This impurity appears to be of little practical im- 
portance and its presence in pop-out samples from one source was found 
to have resulted from external contamination of cinders after their 
removal from a power plant. 

Iron—Some of the reactions involved in the production of stains may 
also be responsible for pop-outs. This has previously been recognized 
in the disruption of concrete caused by the corrosion of reinforcing steel 
placed too close to the surface. The reaction of iron with oxygen and 
carbon dioxide in the presence of moisture is accompanied by an ex- 
pansion in volume, which in cinder concrete frequently causes a pop-out, 
accompanied by some staining. 

Calcium sulphate—The production of pop-outs in cinder concrete by 
calcium sulphate has, to the best of our knowledge, never before been 


*Some few pop-outa caused by coal were observed, but their number was negligible in comparison to the 
athern, 
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recognized or reported. In some pop-out samples, the presence of calcium 
sulphate was traced to coal containing either gypsum or anhydrite. 
Gypsum may be dehydrated during combustion of the coal and sub- 
sequently re-hydrated in the concrete with an accompanying expansion 
in volume, producing a pop-out. Pop-outs from this source are in Class 
1 and are seldom accompanied by staining. 

In pop-outs of Class 2, 7.e., accompanied by staining, calcium sulphate 
apparently of a different origin was found. The stain came from weath- 
ering of particles of pyrite, FeSs, in pieces of partially burned coal. 
Pyrite oxidizes in the presence of moisture to the sulphate, which is quite 
soluble. In solution it hydrolyzes, yielding ferric hydroxide,—the stain- 
ing material—and sulfuric acid. The gypsum crystals, found beneath 
the pop-outs, apparently were formed by reaction of the acid with 
calcium hydroxide of the cement paste. 

No causes of stains or pop-outs other than those described have been 
recognized, and, insofar as the samples obtained may be considered 
representative of the occurrence of these conditions, the identities of the 
causative factors are established. 


METHODS OF DETECTION OF IMPURITIES 
General discussion 

Having identified the substances which are responsible for stains and 
pop-outs in cinder concrete, a practicable method was needed for their 
detection in cinder aggregates. Conventional methods of chemical 
analysis are a useful means of determining the quantities of impurities 
present in any cinder sample. It seemed probable that the activity of the 
impurities might depend to a considerable extent upon their physical 
and chemical state, and it was not certain that a quantitive relation- 
ship existed between the amounts of impurities in a cinder and the ten- 
dency of that cinder to produce stains or pop-outs. This can be shown 
only by a correlation of analyses with performance tests and will be 
discussed later. 

Microscopical analysis as employed in identifying the impurities 
responsible for stains and pop-outs is also effective for detecting their 
presence in cinder aggregates. However, it requires expensive equip- 
ment and a highly skilled operator and is consequently not well adapted 
to use as a control method in a concrete products plant. 


Various accelerated exposure tests for small cinder concrete specimens 
were tried; alternate immersion in water and drying at 220 F proved the 
most satisfactory. This method produced stains after 8 to 10 cycles 
and Class 2 pop-outs after somewhat longer exposure. No Class 1 pop- 
outs were produced by such treatment. 
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Steam test 


The test which appears to be best adapted to detection of impurities 
has been termed the “steam test.”” A 25 em sheet of white filter paper is 
folded by crimping the edges to form a cup shaped receptacle approxi- 
mately 5 in. in diameter and 2! in. deep. Cinders are crushed to the 
size used in commercial block production and a representative sample 
is placed in the paper cup to a depth of approximately 'o in. The paper 
is then folded to the center and pressed in that position. 

Two or more portions of cinders from the same sample are prepared 
in this manner, placed as superimposed layers in a cheese cloth bag, 
saturated with water and exposed to steam at 212 F for a minimum of 16 
hours. After removing from the steam bath, the cinders are carefully 
removed from the papers. Subsequently, the papers are thoroughly 
washed with clean tap water and dried in an oven at 200 to 220 F. 

The insoluble decomposition products of the iron compounds in the 
cinders are deposited on the white paper as red, green or black stains. 
The quantity and intensity of the characteristic stains on the papers 
appear to be a reasonably accurate measure of the staining properties 
of the cinders as well as their possible tendency to develop Class 2 pop- 
outs. 

Tentatively, a graduated seale of classification was established, based 
on visual examination of the papers. This consists of five stain intensities, 
each of which is assigned a numerical value, called the “stain index,” 
as follows: 


Intensity of stain Stain index 
Very heavy stain;.......... 100 
Heavy stain........ te ey ae 80 
Ec RgWicid like i wie e'isd hs 60 
Se sees ss Bo dies b 40 
Very light stain... eae 20 


Tests made on a large number of cinder samples gave results which 
correspond quite closely with the history of the performance of the cin- 
ders in‘block and with the results of 50 wetting and drying eycles on 
cinder concrete specimens. This procedure appeared to provide a test 
useful in the study of cinder treatment, and its further refinement and 
correlation with block performance will be discussed later. 

Photographs showing results typical of each of the five intensities of 
staining are presented in Fig. 1. 


Correlating steam test results 
It was hoped that correlation of results from the staining test with 
chemical analysis of cinders might lead to the establishment of specifica- 
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Light Very light 
Fig. 1—Results typical of the five different intensities of staining 


tion limits on impurities which cause staining. However, there appeared 
to be no direct relation between the amount of chemically determined 
iron in a cinder and the amount or intensity of the stain produced in the 
staining test. This is illustrated in Table 1, which gives the average 
results of three cinder samples in the ‘“‘very heavy” staining category 
and three in the “very light.””. These results show that a cinder which 
produces only very light stains may contain considerably more iron than 
one which produces very heavy stains. 


TABLE 1—IRON CONTENT OF “VERY HEAVY" AND “VERY LIGHT" 
STAINING CINDERS 


on a iron as Fey, percent 


Staining intensity | — 
| High | Low Average 
Very seen’ | M61 | 3.04 9.42 
Very light. | 15.37 | 1.08 0.50 
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There are several possible explanations for this apparent contradiction. 
Cinder aggregates used in the staining test contain particles up to 14 
in. in size. Particles of iron or iron compounds may be embedded in a 
piece of cinder in such a manner as to be protected from contact with air 
or moisture and therefore remain inactive as staining agents. When the 
cinder is ground to 100 mesh fineness for analysis, these same particles 
enter into the analytical determination. Some of the iron present in 
the cinders may have been converted to an inactive form, such as ferric 
oxide, which will not produce stains. Some iron particles may be cov- 
ered with a protective coating of oxide or other reaction products suflic- 
iently dense to inhibit further staining reactions. Whatever the cause, 
conditions eliminate conventional chemical anslysis of cinders as a means 
of establishing specification limits on impurities. 


There was a similar lack of correlation between the sulphur content 
and the staining properties of cinders; this lack of correlation persisted 
throughout all of the staining classes. 


Chemical analysis of stain 


When the quantity of iron compounds deposited on the filter papers 
used in the steam staining test is determined by chemical analysis, it 
appears that an accurate measure of the staining properties of a cinder 
is provided, 


The dry cinder sample is first screened to remove all particles which 
will pass a 28-mesh sereen. ‘Two portions of the screened sample, each 
weighing 100 g and prepared in the layer arrangement described for the 
steam test, serve as the basis for this method. 


After exposure to steam at 212 F for 16 hours, the washed and dried 
papers are digested with hot, dilute hydrochloric acid to dissolve the iron 
compounds, The acid solution is filtered and the residue of filter paper 
pulp is thoroughly washed with hot distilled water. The iron compounds 
in the filtrate are precipitated as ferric hydroxide, redissolved and de- 
termined by a standard colorimetric method. 


The results are reported as milligrams of Meg, deposited on the papers 
by 200 g of cinders, The average values obtained from five samples in 


each staining group are given in Table 2. 


These results indicate a reasonably close correlation between the 
visual classification of the staining properties of cinders and the quantity 
of iron compounds deposited in the staining test deseribed above. ‘The 
further correlation of the analytical method with exposure tests on 
cinder block and its use as a means of setting up specification limits 
will be described later, 
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TABLE 2—IRON CONTENT OF CINDERS FOR FIVE INTENSITIES OF STAIN 


Iron content, milligrams FeO, per 


Staining intensity 200 grams of cinders 
High Low Average 
Very heavy. 3.926 2.468 3.309 
Heavy..... 3.473 1.924 2.362 
Moderate. 1,233 1,121 1.161 
Light... 1,171 0.853 1.043 
Very light. . 1.021 0.719 0.804 


CINDER TREATMENT METHOD 


With a simple and rapid method of testing available, it was possible 
to proceed with a study of processes for treating cinders to eliminate or 
reduce their tendencies to develop stains or pop-outs in cinder concrete. 
Magnetic separation 

Since some of the impurities causing stains and pop-outs can be re- 
moved by magnetic separation, a study was made of this process. Samples 
of crushed cinders from 39 different sources were subjected to repeated 
separation by a very powerful magnetic separator, until the magnetic 
fractions were completely removed, Staining tests on the non-magnetic 
fractions showed that 13 of the 39 samples still produced appreciable 
staining which ranged from very light to very heavy. ‘The remaining 
26 non-magnetic fractions which produced no staining in the stain test 
represented an average of 71.6 percent by weight of the total samples as 
received, ‘Thus, to eliminate the staining qualities of these particular 
cinders it would be necessary to submit them to a magnetic separation 
which would reject an average of 28.4 percent. Use of a separator this 
powerful would not be practical on a production seale and the rejection 
of 28 percent of the cinder aggregates would not be economical, ‘The 
removal of all tramp iron is certainly desirable, and magnetic separation 
should be employed in the processing of all cinder aggregates, although 
this method cannot be propgsed as an effective cure for staining. 


Acid treatment 

Subjecting cinders to a leaching process with dilute mineral acids 
within reasonable limits of concentration and time was found to be of 
little value in reducing staining properties, 


Steam treatment 


The exposure of crushed cinders to steam at 212 F for periods up to 
6 hours was found quite effective. A group of cinder samples having an 
average stain index of 86 was reduced to an average index of 46 by this 
treatment. It was thought however, that the cost of treating large 
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quantities in this manner might be prohibitive so this aspect was not 
pursued further. 
Moist storage 

A method which appears to be effective and entirely feasible from the 
standpoint of cost is the storing or stock-piling of crushed cinders in a 
continuously moist condition for some time before using. This was 
accomplished in the laboratory by placing the cinder samples in cheese- 
cloth bags and immersing them in water at weekly intervals. They were 
stored on wooden racks and covered with heavy building paper to reduce 
evaporation. Samples were removed from each bag after 4, 8 and 12 
weeks storage and tested for staining, with results as shown in Table 3. 


TABLE 3—EFFECT OF MOIST SURFACE OF CINDERS ON AVERAGE 
STAIN INDEX 


No. of Stain Average stain index Percent reduction 
samples — intensity* in stain index 


Orig. 4wk. S8wk. = 12 wk. 4 wk. 8 wk. 12 wk 


6 VHS 100 47 47 33 53 53 67 
12 HS 80 33 30 30 59 63 63 
14 MS 60 37 36 29 38 10 52 
12 LS 40 25 20 27 38 50 33 
4 | VIS 20 17 14 14 15 30 30 


*VHS «= Very heavy stain; HS « Heavy staining; MS = Moderate staining; LS Light staining; 
‘LS = Very light staining. 


It will be noted that cinders which originally were very heavy stain- 
ing improved in 12 weeks storage to such an extent that they produced 
only light staining. The increase in staining properties of samples in 
the light staining category after 8 weeks storage may be due to un- 
avoidable errors in sampling or to incorrect visual classification of the 
staining tests. In general, however, this method of treatment appears 
to offer a means of treating many cinders to reduce their staining prop- 
erties below the danger point. 

Many Class 2 pop-outs are produced by the reaction of iron sulphide 
with air and moisture to form iron sulphate, which subsequently reacts 
with lime to form calcium sulphate and iron hydroxide. This reaction 
also invariably produces a stain. Class | pop-outs usually result from 
the hydration of hard-burned free lime or of calcium sulphate in the 
cinders. 


Although complete experimental evidence is lacking, it seems reason- 
able to expect that moist storage sufficient to virtually eliminate staining 
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will also reduce the tendency toward the production of pop-outs of either 
type. 

Similar exposure of cinders to the weather, without supplying moisture 
in addition to the normal rainfall was much less effective than storage 
under continuously moist conditions. Also, moist storage of uncrushed 
cinders was considerably less effective than when the cinders were crushed 
to the size in which they are used as aggregates. When wet cinders are 
frozen and maintained at temperatures below 32 F there is very little 
change in their staining properties. 

Cinders buried to a considerable depth in large stock-piles obviously 
would not have free access to air during storage. However, it appears 
that moist storage of cinders, without free access to air, is still quite 
effective in reducing their staining properties. Tests on 11 samples 
from the two heaviest staining classes after being stored for 12 weeks in a 
saturated condition while sealed in glass jars showed, on the average, 
62 percent reduction in stain index. 

Lime treatment 

A method of cinder treatment which incorporates one feature of the 
flotation process has shown excellent results. In this 
method the cinder samples were immersed at weekly intervals in a sus- 


so-called ‘Bo’ 
pension of hydrated lime in water and maintained in a moist condition as 
described in the moist storage process. The results obtained with 11 
samples of cinders from the two heaviest staining classes are shown in 
Table 4. 


TABLE 4—EFFECT OF LIME TREATMENT OF CINDERS 


No.of | Stain Average stain index Percent reduction in 
samples | intensity * stain index 


Orig. 4 wk 8 wk 12 wk 4 wk 8 wk 12 wk 


3 VHS 100 27 27 13 73 73 87 
8 Hs 80 25 25 2 | 69 69 75 
*VHS «= Very heavy stain; HS « Heavy stain. 


It appears from these results and those in Table 3 that lime treatment 
is somewhat more effective than simple moist storage for cinders with 
heavy staining properties. Although the cost would be slightly greater, 
this method might be applied to cinders which did not respond readily 
to moist storage alone. Actually, the improvement in cinders is con- 
siderably greater than Table 4 indicates, since many of the samples 
after treatment showed only a faint trace of stain in the staining test, 
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Cinders as received After lime treatment 
Fig. 2—Staining tests on cinders before and after moist storage and lime treatment 


but nevertheless were classified as very light staining. Staining tests on 
cinders before and after moist storage and lime treatment are shown 
in Fig 2. 


CORRELATING FIELD PERFORMANCE WITH STAIN TESTS 
Field test program 


Probably the most important part of a study such as this, from a 
practical standpoint, is the correlation of laboratory methods and results 
with the field. performance of the product concerned... This was aceom- 
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plished through the cooperation of a group of cinder block producers 
who agreed to participate in the program. 


Each producer submitted a sample of the cinders being used at his 
plant and a group was selected which would include cinders of all five 
staining intensity classifications. Each participating plant was asked to 
manufacture a batch of approximately 100 test blocks, at the same time 
taking a representative sample of the cinders used in that batch. The 
cinder samples were immediately sent to the laboratory and the blocks 
were shipped after curing. 


The blocks were used in building hollow test piers which were painted 
with one coat of white portland cement paint to accentuate the appear- 
ance of stains and pop-outs. Except for sprinkling with water at weekly 
intervals during the warmer portions of the year, the piers were exposed 
to prevailing weather conditions. Approximately 700 blocks are under 
observation in 10 piers and their behavior under these conditions has 
been correlated with visual staining tests and analyses on the correspond- 
ing cinders. The results of an inspection after approximately 9 months 
exposure are shown in Table 5. 


In calculating the stained areas in Table 3 the stains were assumed to 
be circular, with the following diameters: A = 1 in; B = % in; C = 
lin;D = %in. 

Reclassification of staining intensities 

No explanation has appeared for the fact that a cinder classed “heavy 
staining”’ shows the greatest stained area per block. While there is some 
lack of agreement between the amount of staining in the block and 
laboratory tests on the cinders, it appears that the correlation between 
visual staining tests, analyses and block performance is as good as could 
be expected. As a matter of fact, in practice there is no reason for dis- 
tinguishing between ‘‘very heavy” and “heavy” staining cinders, since 
neither one is suitable for use in exposed, painted concrete masonry walls. 
On the other hand, on the basis of performance to date, cinders in either 
the “light’’ or “‘very light” staining category are completely acceptable 
for use in that type of construction. 


It seems evident that for purposes of clarity and practical value the 
five degrees of staining intensity should be reduced to not more than 
three, which might be designated as “unsatisfactory,” “doubtful” and 
“satisfactory.”’ If this is done, the analysis of staining tests and the 
stained area per block in the three groups would be as shown in Table 6. 


Although the scope of these tests has been limited by the number of 
block producers who were able to participate in the program and the 
results may be subject to some minor revision as the time of exposure 
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TABLE 6—CORRELATION OF STAINING TESTS WITH BLOCK PERFORMANCE 











Analysis of stain test, Stained are per block, 
Staining characteristics Fes, milligrams sq in. 
- 5 High | Low | Average | High | Low | Average 
Unsatisfactory... .. 3.765 | 1.522 | 2.555 | 0.44 | 0.09 | 0.23 
Doubtful... .... 1.177 | 1.1388 | 1.158 0.11 0.08 0.10 
Satisfactory.........| 1.088 | 0719 | 0.935 | 0.006 | 0.002 | 0.004 


increases, it is not believed that there will be any substantial change in 
the relative performance of block in the various groups. 


ESTABLISHING CINDER SPECIFICATIONS 


On the basis of these results, the conclusion seems to be justified that 
any cinder which develops stains in excess of 1.5 mg of FeO; in the test- 
ing procedure described should be rejected for use in exposed, painted 
concrete masonry walls. A cinder showing less than 1.1 mg of FesO3 can 
safely be used. Any cinder giving values between these limits should be 
regarded with suspicion and the safest procedure would be to subject 
such materials to further treatment before using them. 

It should be noted that the use of these blocks in hollow piers results 
in the exposure of approximately twice as much surface as in the usual 
exposure of a masonry wall. The photographs in Fig. 3 show the condi- 
tion of block made from ‘‘very light”’ and “heavy”’ staining cinders after 
4 months exposure. 


SUMMARY AND CONCLUSIONS 


The impurities in cinders which cause staining and popping in cinder 
concrete have been identified. Stains are always caused by some form of 
iron, and pop-outs may be caused by iron, hard-burned free lime, free 
magnesia or by calcium sulphate. 

The presence of these impurities in cinders may be detected by micro- 
scopical analysis. The presence of iron in such form as to produce stains 
and some types of pop-outs may be shown by a simple test in which the 
cinder sample, enclosed in white filter paper is exposed to steam at 212 F 
for 16 hours. The results of this test may be evaluated visually or by 
determining the weight of iron compounds deposited by a definite weight 
of cinders. 

Suitable methods have been developed for treating cinders to reduce 
their tendencies to produce stains and pop-outs. One method consists 
of exposing cinders to storage in stockpiles which are kept continuously 
wet. Another method consists of treating cinders with a dilute suspension 
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Heavy staining cinders 


Very light staining cinders 








Fig. 3—Cinder block piers after 4 months exposure 


of hydrated lime in water, followed by stockpiling in a continuously moist 
condition. Treatment of cinders by eithér method for periods of 4 to 12 
weeks will materially reduce their tendencies to develop stains or Class 2 
pop-outs. Moist storage is more effective on crushed cinders than on 
uncrushed cinders and practically no benefit is derived from storage 
while the wet aggregates are frozen. 

_ A third method of treating cinders with steam was not made the sub- 
ject “of extended study, because of its potential cost. However, the 


























CAUSES AND PREVENTION OF STAINING AND POP-OUTS 377 


reduction in time required for purification of cinders might justify its 
use In some cases. 

The effect of these methods of treatment upon the tendency of a cinder 
to develop Class 1 pop-outs is not conclusively shown. However, know- 
ing their causes, the conclusion appears to be justified that moist storage 
of cinders would tend to reduce or eliminate this trouble. 

While magnetic separation will not eliminate staining or popping, the 
removal of metallic iron and some other magnetic impurities from cinders 
is desirable. The treatment of cinders by any of the methods described 
does not eliminate the need for magnetic separation. 


A steam test on a representative sample of cinders which results in a 
visual classification of “‘very heavy” or “heavy staining’? and which 
shows an iron content in the chemical analysis of the stain in excess of 1.5 
mg F203, indicates that the cinders are not suitable for use in exposed 
concrete masonry wall construction. Similarly, cinders in the “moderate” 
staining classification and showing 1.1 to 1.5 mg Fe20; in the chemical 
analysis are of questionable quality and should, in general, receive further 
treatment. On the other hand, a steam test that produces a “very 
light” or “light” visual classification and less than 1.1 mg Fe203 indicates 
that the cinders are of satisfactory quality. 

It should be made clear that these limits apply only to cinder aggregate 
for concrete used in exposed walls and need not necessarily be applied 
in cases where protection is afforded or the surface obscured by com- 
plementary construction. 
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Concrete Making in China* 


By JOHN S. COTTON 


Member American Concrete Institute 


SYNOPSIS 


The author outlines the supply situation and production methods for 
concrete materials in China. Data are presented on type, quality and 
availability of cement, reinforcing steel and forms. Aggregate sources, 
handling methods and gradation are discussed. Data on concrete 
strengths, mixing and placing, labor problems and costs are given. Con- 
creting, mortar, masonry work and design of the Lung Chi Ho hydro de- 
velopment are described. Design and history of the Sungari River hydro 
project are developed with attention to Japanese concreting methods. 
Hazardous condition of the dam is ascribed to faulty construction prac- 
tices occasioned by pressure of the war. The emergency repair program 
of the National Hydroelectric Engineering Bureau of China is outlined, 
and current concreting practices of the Bureau are discussed. Illustra- 
tions depict many of the almost primitive methods which must be em- 
ployed. 


INTRODUCTION 


Concrete and masonry work is one of China’s oldest arts. Many of 
the primitive processes and methods employed are suitable and fairly 
reasonable in cost for small work. However, as China embarks on a 
number of ambitious projects, better processes and controls in concrete 
making are necessary. 


MATERIALS AND METHODS 


Cement 

There are three sources of portland cement in China; i.e., native made, 
cement made in mills, and imported cement (used mainly only on the sea- 
coast). Native cement is made by mixing limestone powder and clay, 
moulding the mixture into pellets by hand, laying the sundried pellets 
~ *Received by the Institute August 19, 1947. 
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TABLE 1—AVERAGE RESULTS OF CEMENT TESTS 





























Brand = Szechuan (Mill near Chungking) 
Specific gravity 3.117 
Soundness Satisfactory 
Normal consistency 22.3 percent 
Fineness 9.59 percent 
Equipment used Time— initial set Time—final set my 

Gillmore needle 2hr 37 min 3hr 57 min 
Vicat apparatus 2hr 18 min 3hr 59 min 
Strength 1:3 briquette 7 days 28 days 

(Ottawa sand) 
Tensile* 221 psi 282 psi 
Compressive ¢ 1144 psi 1532 psi 








*The mold for tensile test specimens was of the American type. 
+The compressive test specimen were 2 x 4-in. cylinders. 


between layers of coal in a crude brick kiln, firing the kiln and grinding 
the product by various means—usually by rolling a heavy rock wheel over 
the clinker. This cement makes fairly strong concrete, but the uni- 
formity is poor. This native cement is made largely in mountainous 
Western China and is used primarily for masonry work. 

There are only a few cement mills in China, the most important ones 
being located at Chungking, Shanghai, Canton, and two in Manchuria. 
The control of cement making is such that the quality varies considerably. 

Typical test results of cement from a cement mill in Western China 
are given in Table 1. 

The greatest difficulty is the variation in fineness. The following is 
typical of the wide variations which occur: 


Screen Size Percent Retained 

Cement Batch No. 1 Cement Batch No. 2 
No. 50 7.51 1.34 
No. 100 32.51 5.51 
No. 200 37.78 14.95 
Pan 21.66 78.20 
Waste 0.54 ~~ 


Some mills deliver cement in wooden barrels which at times are leaky, 
while the mills on the coast and in Manchuria use paper bags. The cost of 
cement and transportation is very high; hence, wherever possible, 
masonry is employed instead of concrete. The cost of cement delivered 
to the huge Sungari project in Manchuria is now about $5 (U.S.) per 
barrel. Cement is usually trau.sported by small boats, pack animals and 
trucks, or by gondola cars on the railroad. The loss due to leakage and 
damage by rain may be 5 percent or more since only straw matting is 
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used to protect the cement against the elements. Poor storage facilities 
may occasion a further loss from rain and dampness. 


Reinforcing steel 

Smooth steel bars are almost invariably used for reinforcing concrete. 
Bars are made locally, but in the past were for the most part from Ger- 
many, France and Belgium. The quality of steel is fair. Bending is 
usually done by hand methods using bending bars and pins. Complicated 
bent bars are avoided wherever possible. It is difficult to obtain accurate 
placing of steel. In Manchuria at present, reinforcing bars cost about 
$0.046 (U.S.) per pound at the source. 


Forms 

Trees are very scarce in China proper and are usually small in diameter, 
a log 12 in. in diameter being considered large. The usual species are 
cedar, fir and pine. All are low in strength and almost always are crooked. 
In Manchuria, straight logs up to 3 ft in diameter are obtainable. Logs 
are purchased from local farmers or from small contractors. Since the 
logs are usually crooked it is difficult to use sawing machinery, and ordi- 
narily, the logs are whip sawed by hand into lumber at the site of use. 
Logs are very expensive as they cost from $20 to $50 (U.S.) per MBM at 
the source. Transportation costs vary widely, and hand whip sawing 
costs about $12 (U.S.) per MBM. 

Because lumber is expensive and scarce, concrete forms are very light 
and flimsy; thus they are highly stressed and excessive deflections and dis- 
tortions are common. The greatest objection to such forms is leakage of 
grout and the appearance of the finished work. Panel forms are usually 
about 3 ft high and 6 to 8 ft long for ease in handling by hand. They 
ordinarily interlock with the forms below and are usually held in place by 
wire. The wires are set loose and it is problematical where the form 
will move when it is loaded. Due to excessive loads and deflections of 
such panel forms, pours greater than 24 in. deep are seldom attempted. 
Green lumber is used, and the shrinkage of the wood causes leakage and 
makes removal difficult. By rebuilding, such forms can be used two or 
three times. Since oil is expensive, forms are generally not oiled. 


Aggregate sources 

The supply of concrete aggregates, especially fines, nearly always 
presents a serious problem in China. The upper Yangtze drainage is 
in igneous rock. Coarse boulders and gravels occur in the stream beds in 
limited quantities, but because of the high velocities, little sand is 
present. 

The intermediate Yangtze drainage between Chengtu or Chungking 
and Ichang consists of soft sandstone and shale with occasional outcrops 
of limestone. Large boulders and gravels are present in the main river 
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channel, but there is little sand. On the tributaries there are virtually 
no gravels or sands. The small amount of sand present in the tributaries 
is 100-200 mesh and contains 5 to 10 percent clay and shale which is 
almost impossible to wash out. At Ichang, however, where the Yangtze 
debouches to the Yangtze plain there is a large deposit believed to be 
suitable for use in constructing the huge proposed Yangtze Gorge dam 
and power plant. 

The Yangtze river plain below Ichang has few rock outcrops and the 
river beds contain only fine sands and large amounts of silt and clay. 
The rivers in the coastal regions contain suitable gravels and sands, 
but at times they are loaded with clay. 

The Upper Yellow River drainage contains small amounts of gravel 
but little sand. The section of the river drainage down to where it de- 
bouches to the Yellow River plain is covered with loess of varying depths. 
The river and tributaries in this region have no aggregates—only silt 
and fine sand, the silt greatly predominating. In the gorge section of 
the Yellow River, canyon walls consist of hard sandstone and limestone 
which could be reduced to suitable aggregates. The great Yellow River 





Fig. 1—The coolie uses two baskets and a carrying pole to transport 
aggregate at 3 mph. 
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Fig. 2—Coolie-method of loading one of the trucks used to haul aggre- 
gate distances greater than 5000 ft 


plain has virtually no rock outcrops and the river beds consist of silt 
with a little fine sand. To make concrete in that region, it would be 
necessary to import aggregate from a point several hundred miles away, 
or to make concrete using crushed clay clinker for aggregates. 

In Manchuria, the aggregate situation is much better. Most streams 
there contain adequate deposits of gravels and sands and some good pits 
have been developed. There are many places where igneous or metamor- 
phosed sedimentary rocks could. be reduced to suitable aggregates. 
Aggregate handling 

Washing of natural aggregates is seldom done. Sometimes the aggre- 
zates are slushed about by hand in a box set in the river. This is not 
very effective if the clay content is high. 

Aggregates on small projects are usually transported in baskets by 
coolies. A coolie using two baskets and a carrying pole (Fig. 1) can 
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Fig. 3—Screening aggregate by hand 


transport some 80 lb at a rate of about 3 mph. This is not economical 
for distances over about 1000 ft. For distances between 1000 and 5000 
ft, coolie or horse drawn carts of about 1.3 cu yd capacity are used. For 
distances more than 5000 ft, narrow gage dump ears or trucks are usually 
employed (Fig. 2). 

Screening of aggregates is seldom employed except on larger pro- 
jects. If the grading is extremely poor on small projects, screens for 
hand operation made of bamboo strips or wire are sometimes used 
(Fig. 3). 

Since aggregates are almost totally lacking in the tributaries of the 
Yangtze, most hydraulic structures are made of wet masonry. The pre- 
dominant sandstone cuts easily and is ideal for masonry structures. 
Where concrete is necessary, coarse and fine aggregates are made by 
crushing sandstone. For small projects this is usually accomplished by 
smashing rocks by hand with hammers, although crushers are being used 
on our current work. A man using a hammer can crush about 1/3 cu yd 
per day at a cost of about $1 (U.S.) per cu yd. 
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Aggregate grading 

The approximate gradation of aggregates resulting from crusher, 
hammer mill, and sand roll operation on quarry run sandstone is given in 
Table 2. It is apparent that No. 8 size is in excess and that No. 30 size 
is deficient. 


TABLE 2 
Sieve size Percent retained 

3 in. 6 in. 17.0 
1% in.—-3 in. 14.0 
34 in.—1'4 in. | 13.0 
32 in.— % in. 6.6 
4 in.— % in. 4.4 
No. 8 16.3 

No. 16 6.7 

No. 30 4.4 

No. 50 7s 

No. 100 73 
Pan 3.4 


To obtain fines, the writer has built sand rolls to reduce some of the 
larger sizes. This, however, tends to furnish only the smallest sizes, 7.e., 
the very small constituent sand particles making up the sandstone. It 
is usually necessary to waste or crush some of the coarser sizes. 


Cement ~ lbs. /cyd. of Concrete 
300 400 $00 600 700 800 
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Fig. 4—Concrete strength variation with cement and water content 
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Concrete strengths 

The sandstone aggregates are generally weak, have poor grading 
and make very harsh concrete. Bleeding of the conerete is common. 
Concrete tests made with a 100-ton portable hydraulic testing machine 
are indicated in Fig. 4. Since the structures are designed for low stresses, 
this low strength concrete is satisfactory. 

At first, the aggregates in the test cylinders were used in a dry state 
and the strengths obtained were roughly only half of the 28-day strengths 
shown above. This was due to great absorption of water by the porous 
sandstone from the grout. Hence, aggregates are soaked for 24 hours 
before using and are wet at time of mixing. 

Mixing and placing 

On very small work mixing is done by hand using mixing boxes and 

hoes. On most projects small gasoline powered concrete mixers are used 





Fig. 5—One of the small mixers used on the Lung Chi Ho development 
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Fig. 6—Coolie transportation of concrete 


(Fig. 5), aggregates being measured by volume by means of boxes. Load- 
ing of the mixers is by hand or power skips. Water is supplied through 
iron or bamboo pipe lines. Slump control is difficult as the water is 
usually not measured, Best results are obtained by completely inun- 
dating all aggregates and then adding a fixed amount of water. 

Transportation of concrete is by coolie (Fig, 6) or narrow gage cars. 
The use of chutes is common because proper equipment is lacking. By 
employing simple hoists and A-frames, stiff leg derricks, ete., the chutes 
are gradually being eliminated. All of these pieces including the hoists 
are generally made on the job, 

In the past little attention has been paid to proper preparation 
of completed concrete surfaces before placing new conerete (Fig. 7), 
or to proper placing, spading and curing of concrete. Only by relentless 
effort can these important provisions be carried out. 

Labor costs 

Labor is not necessarily as cheap as might be anticipated, because of 
poor and often primitive equipment, time lost due to extremely poor 
delivery of materials and machine parts, improper or insufficient food, 
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Fig. 7—The current endeavor to improve concreting techniques includes attention 
to removal of laitance. 


planting and harvesting seasons and work habits. Furthermore, skilled 
workers are provided with one or more helpers. Since it is not evstomary 
to release workers when not needed, the work is at times over-manned. 
In the winter, the workers are usually kept on the payroll even though 
the weather does not permit work to be done. It is customary to work 
7 days a week except for rainy days and holidays. 

Actual man hour requirement for various types of work are shown 
in the table: 


Man-days 


Type of work per cu yd 
Dam excavation (rock), drilled by jackhammer 2.5 
Quarry and dress sandstone blocks 1.0 
Transport rock 1.0 
Laying masonry 2.3 
Transport sane 1.8 
Maas concrete 1.9 
Reinforced concrete 5.4 


The labor pay rates vary considerably, but the following is fairly 
representative for the summer of 1947 for a 9-hour day (U.S. dollars): 
common labor, $0.40; semi-skilled labor, 0.45; skilled labor, 0.50; and 
foremen, 0.60. 
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Fig. 8—Masonry construction, Upper Tsing Yuan diversion dam Lung Chi Ho development 
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LUNG CHI HO HYDRO DEVELOPMENT 

Tsing Yuan Tung diversion dam 

Wet masonry is widely used, especially in Western China where sand- 
stone abounds and where cement, lumber and steel are very expensive, 
and skilled labor is lacking. A typical example is the Upper Tsing Yuan 
Tung diversion dam (Fig. 8) of the 80,000-kw Lung Chi Ho Hydro De- 
velopment, now under construction. This 32,500 cu yd dam is about 
755 ft long and 36 ft high to the spillway crest. Most of the dam is a 
heavy ogee spillway section as the depth of maximum flood is about 
19.4 ft. After making a number of studies it was found cheaper to use 





Fig. 9—Preparation of masonry blocks 
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Fig. 10—Coolies make use of equalizer poles to transport masonry blocks. 


wet masonry than concrete. Wet masonry in place costs around $9 
(U.S.) per cu yd against about $15 (U.S.) for mass concrete. 


Mortar and masonry 

A small amount of concrete is employed. Using prepack methods a 
30 percent saving of cement is possible. Concrete aggregates are made 
by crusher, and also by hand crushing sandstones. Some very poor 
quality sand is found along the stream and the remainder is made in 
home made sand rolls. This sand is used for concrete, mortar, and some- 
times in grouting; it makes a very harsh mortar. Ordinarily a 1:3 mix 
with 6-in. slump is used for masonry mortar. Such mortar has a strength 
of about 1400 psi in 7 days, and 2400 psi in 28 days. 


The masonry blocks (ig. 9) are wedged, cut and chiseled to shape by 
hand in surrounding quarries located within a mile from the dam. These 
blocks measure about 39 x 16x 16 in. A small amount of black powder 
is used in the quarries, but most of the work is done by wedging and 
barring. In order to save cement, the specifications for size and shape of 
the blocks are rigid. The blocks are transported by coolies using equalizer 
poles (Fig. 10) or by narrow gage cars. They are wetted and then placed 
by hand (Fig. 11) or by means of A-frame derricks, in a bed of mortar. 
A maximum joint width of 4% in. is allowed. The masonry is first class 
and has a pleasing appearance. 


On the diversion dam project, the blocks are made by a “contractor” 
on a piece work basis. Actually, he is not contractor in the ordinary sense ; 
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Fig. 11—Setting masonry blocks in place 


he has no assets or responsibility for performance. He is merely a leader 
of laborers whom he pays according to his own inclination. The workers 
stay with him, however, because he gives them food when no work is 
available. It is virtually impossible to hire individual workers to make 
up work crews. 


Storage dam 


Construction will start soon on the storage dam for the Lung Chi Ho 
development. This dam will be about 2200 ft long and 100 ft high and 
will impound about 200,000 acre ft of water. After considering the lack 
of skilled labor, the type of available aggregates, equipment available, 
flood conditions, foundations, cost of cement, steel and lumber, and 
the abundant supply of masons and common labor, it was decided (after 
making designs and estimates of cost for 14 different design dams) to 
construct the following: 

Spillway section (ogee) ....... Cyclopean concrete 


End portion (left) ........... Earth fill 
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eae eee ........Conerete diamond head type with 
sandstone masonry buttresses. 
Ee ee eee Reinforced concrete 


SUNGARI HYDRO PROJECT 
Design capacity 

The Japanese built a number of hydro- and steam-electric power 
plants in Manchuria, supplying a total of 2,150,765 kw. The two largest 
hydro projects are the Yalu Project near Korea and the Sungari Project 
near Kirin. The Yalu river project contains six 100,000 kw generators— 
units that are the largest in the world from a standpoint of physical size. 
The concrete in the Yalu project is exceptionally poor. 

The Sungari project which the writer is presently engaged in com- 
pleting and rehabilitating, is one of the world’s largest. This project, 
constructed to provide flood control and power, has a reservoir volume of 
about 9,150,000 acre ft. The dam is 3800 ft long and 300 ft high. The 
spillway consisting of eleven 39.4 ft bays has a capacity of 282,000 cfs. 
The dam, now 90 percent complete will have an ultimate concrete volume 
of 2,880,000 cu yd. The power house is designed for eight 75,000 kw 
units. Six were installed, but the fortunes of war left only two. Parts 
are on hand or stored in Europe to construct two more generating units. 


Concrete plant 


The Japanese obtained aggregates for the Sungari project from the 
river about 20 miles downstream. The aggregates were dredged by four 
ladder dredges using barges to support belt conveyors which transported 
the aggregates to gondola cars. ‘These loaded cars were hauled by the 
local railway company to aggregate storage piles at the job. From the 
reclaiming tunnels, aggregates were transported by belt conveyor to the 
screening and washing plant. 

This plant must have been weird and wonderful to behold; it contained 
12 large revolving screens, washers and inundators. A large jaw crusher 
set up to crush oversize was never used. This plant gave so much 
trouble that it was abandoned, and bank run aggregates were used with- 
out washing. The aggregates were then carried by belt conveyors to the 
bunkers located at the top of the large reinforced concrete mixing plant 
or by cars to two smaller mixing plants. The large plant contained ten 
2-cu yd tilting mixers, and the smaller plant contained two 1-cu yd 
mixers. All of the mixers were mounted in pairs and loaded at one end 
and discharged at the other. 


Cement was unloaded from railway cars by two Kinyon cement pumps 
into four 90-ton steel silos. The cement was fed from the silos by re- 
volving vane gates to screw conveyors which led to a bucket. conveyor 
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that carried the cement to the top of the mixer plant. From there the 
cement was carried in several directions by screw conveyors to cement 
bins. This cement system proved troublesome. The cement and water 
were batched and mixed, and again batched to the mixers. After the 
grout was fed to the mixers, four sizes of aggregates were separately 
batched to conveyor belts which fed the mixer hoppers. After the 
screening plant was abandoned, the bank-run aggregates were batched 
directly to the mixers. The batchers used were separate stationary de- 
vices consisting of banlie, beams, knife edges and counter weights. The 
writer could not learn why the cement and water were mixed separately. 

The concrete was discharged to 3.9 cu yd, bottom-dump concrete 
buckets transported on special steel cars hauled by diesel locomotives. 
Proper equipment was lacking, and confusion resulted from the use of 
3 different railway gages. About 60 buckets and cars and 20 locomotives 
were employed. The cars were run on grade to and along the lower 
bench of the dam (Elev. 220 ft) where the buckets were lifted by eight 
enormous jib cranes. These 10-ton electric cranes had booms nearly 130 
ft long. The forms used were 6.5 ft long, 4.9 ft high and were of the 
interlocking type. Wires instead of bolts were used to hold the forms 
in place. Due to uneven wire tensions it was not possible to pour con- 
crete deeper than 2) ft at a time without the forms getting badly out of 
line. The maximum concreting rate was 9150 cu yd in two 10-hr shifts, 
the average being 5220 cu yd. 


Faulty construction by Japanese 


The dam is in a precarious state.* Up to Elevation 220 it is well con- 
structed, but because of pressure of war the Japanese omitted many 
important features of construction and the concrete became progressively 
worse. 

Table 3 shows the progressive lowering of concrete quality as the war 
drew to a climax. 

Above Elevation 220 practically every rule for making good concrete 
was ignored. The concrete is full of large rock pockets and contains old 
form lumber. Forms leaked badly and the concrete slump was at times 
practically 100 percent. Run of bank aggregates having widely divergent 
grading were used. Some batches consisted of mostly large rock (up to 
10 inches) and some batches were largely fines and contained up to 5 
percent of clay. Laitance was not removed and the surfaces were dry 
at start of pouring. No attempt was made to cure the concrete and little 
spading was done. Although many vibrators are on hand, they were little 
used. 


*Engineering Newa- Record, October 2, 1947, p. 85, cites the danger of this situation with excerpts from 
Mr. Cotton's official ‘Report on Completion and Rehabilitation of the Sungari (Ta-Fung-Man) Multiple 
Purpose Project Near Chi-Ping, North-East Province (Manchuria), China.’ 
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TABLE 3—RECORD OF CONCRETE QUALITY VARIATION 


Strength, psi 


Concrete, ‘Slump! Cement, Mix 
Year cu yd in. | W/C sacks pro- 
per portions | 4 weeks 13 weeks/26 weeks 
cu yd 


Graded aggregates 


1939 170,000 614 0.660 4.90 1:2.1:5.3 2704 3572 

1940 | 300,800 | 714 0.743 5.08 1:2.3:4.9 1778 2567 2610 
Bank run aggregates 

1941 131,500 814 0.762 1.81 1:2.3:5.9 1240 1806 2218 

1942 | 732,000 | 914 | 0.756 1.76 | 1 


:2.0:5.6 Q8o 1568 1899 
Later records are missing. 


!According to the Japanese inspector the shump cone was about 20 in. tall. The author could not find 
one to measure 


Consequently the dam is very leaky. Furthermore, horizontal key 
system and grout pipes were omitted, and to gain more power the up- 
stream blocks were raised to dangerous heights. The spillway apron 
failed due to impact of flood waters 
Emergency repair program 

The principal emergency work program at present consists of the 
following: 

1. Cutting down spillway to limit reservoir elevation to 255.5 ft, 
the highest level reached to date. To date, the spillway crest has 
been lowered 615 ft. 

2. Pouring emergency concrete to improve stability of dam and to 
reduce tension at upstream face. 

3. Cutting horizontal keys to improve vertical shear resistance. 

1. Exeavating shafts between blocks and filling with conerete to 
provide shear resistance between blocks already poured. 

5. Drilling vertical holes with diamond drills and grouting upstream 
face of dam to eliminate leakage, reduce uplift, and to prevent 
disintegration of the downstream face. 


Replacing broken tremie concrete in spillway apron by unwater- 
ing with cofferdams, and placing new concrete. 
Repair work progress 

The National Hydroelectric Engineering Bureau took over the con- 
struction work last February. It was found that the conveyor belts had 
been stolen; the barges and dredges were stripped of motors and belts 


and most of the dredges were sunk. The mixer motors were missing; 
the antifriction bearings of the mixers had been stolen to make wheels 
for horse carts; the testing machines were wrecked, 
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As the temperatures were —30 C at the time, pouring of concrete did 
not begin until April. Heavy panel forms were built, and crews re- 
moved the laitance from the previously poured blocks. Sometimes as 
much as 18 in. of laitance and loose concrete was removed, the average 
being about 4 in. 

At the time of writing (June 1947) about 261,000 cu yd of aggregates 
are on hand in storage. Two 144 cu yd electric shovels load cars through 
a grizzly. By removing all rocks over 3% in. in diameter good grading 
is obtained provided that the inspection of shovel operations is good 
otherwise large rocks are excavated at the bottom of the pile and only 
sand and clay at the center. The clay content at the center of the pile 
runs up to 5 percent. It is thus necessary to move the shovels often. 
The aggregates are of metamorphic basalt origin, first class except for 
clay content. At present a mix of 4.38 sacks of cement, 1.12 cu yd of 
aggregates and 29.1 gal. of water is used to charge the | cu yd mixers. 
This gives a water-cement ratio of 0.59. 

Two 1l-cu yd mixers are set up in a temporary plant. The two cement 
silos are equipped with cement pumps which were built in the National 
Hydroelectric Engineering Bureau shops. The capacity of this mixing 
plant is about 196 cu yd in 8 hours and the concrete is used to strengthen 
critical sections of the dam. Wetted surfaces, 6 in, slump, vibration and 
curing of concrete have been adopted. 

Locomotives and mixers are troublesome because of age and lack of 
spare parts. Four mixers are now being rebuilt in the old mixer plant 
which is scheduled for return to operation July 1. Since conveyor belt 
is not readily available, two vertical skips powered by two old 130 hp 
jib crane hoists will be used to lift the 4 cu yd dump cars up to the bunkers. 
The biggest problem at present is lumber. There are plenty of logs up- 
stream in the Communist-held area, but great difficulty is experienced 
in obtaining logs for our sawmill. The labor crew consists of 1500 men 
at present. 
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Discussion of a paper by John S. Cotton: ') 

Concrete Making in China’ it 

| 

By CHIA-SHIANG YEN, WU CHUNG-WEI and AUTHOR ‘ 


By CHIA-SHIANG YENT 


The information given on the portland cement industry in China 
may be supplemented as follows. Historically, China started to make 
portland cement in the year 1886. By 1937, when the Sino-Japanese 
war broke out, there were fifteen portland cement companies producing 
approximately 7,000,000 barrels yearly. Since then because of the } 
turmoil of war conditions the total production has been cut down greatly. 


All these cement manufacturers have been using modern methods to 
control their products chemically and physically, in order to compete 
with each other and with the imported cements. Many plants (as " 
Szechuan Portland Cement Co. in Chunking, mentioned in Mr. Cotton’s i 
paper) adopt German specifications as their standard. Mr. Cotton in 
his paper has given the average results of cements in Table 1. The 
tensile and compressive strengths as shown in this table are rather low, 
however. The cause for this and for the variation in fineness and in 
other qualities probably could be attributed to weathering of the cement 
under damp conditions. According to the writer’s 5 years (19389-1944) 
experience at the Materials Testing Laboratory of the National Central iP 





University (then in Chungking), the cement itself was good enough to 


fulfill A.S.'T.M. specifications as it was delivered from the plant. But ) 
after it was packed, roughly handled, transported and stored for some ( 
time during damp weather especially prevalent in the foggy city of ‘| 
Chungking, the cement particles absorbed moisture and united into ii 
big lumps which were loose or hard depending on the degree of weathering. 


This is a condition for which the cement manufacturers should not be 
blamed. 


*ACI Jounnan Jan, 1048; Proce, V. 44, p. S81 
(Graduate atudent, University of Hlinom, Urbana, 
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By WU CHUNG-WEI* 


Mr. Cotton’s paper consists mainly of two parts, namely, concrete 
practice of Lung Chi Ho Project and concrete practice by Japanese 
at Sungari Project in Manchuria. Japan’s method of concrete making 
was extremely poor not only in her occupied area under the pressure of 
war but also in her old colonies such as Korea and Formosa in the pre- 
war days. The writer recently made an inspection tour of Taiwan 
Province (Formosa), North Kiangsu Province, and North China, where 
he found much Japanese concrete construction faulty and in a precarious 
state. Deterioration of old concrete can be seen everywhere, and the 
native contractors still follow Japanese practice which is old, unscientific 
and uneconomical. 


The first portion of the paper discussing materials and methods seems 
to be basically a description of those of the Lung Chi Ho Project, although 
one might infer that it covers China as a whole. The project is located 
in Szechuan province (West China) and was started early before the 
Sino-Japanese War. Because of transportation difficulties and abun- 
dance of sandstone, wet masonry is still used instead of concrete in the 
postwar construction and most of the old practices still remain. 


The paper reminds the writer of his wartime experiences with the 
Huai River Commission which built 11 dams, 11 shiplocks, and two 
low-head power plants on the Ki River, 150 km west of the Lung Chi Ho 
River. The same methods of masonry construction and concreting as 
Mr. Cotton described were used, and pozzolanic cement was manu- 
factured to displace 50 percent of the portland cement which was 
rationed in very limited amount. 


Since V-J day, thanks to American help through UNRRA, Chinese 
engineers have been well equipped with modern tools. The rehabilitation 
of modern cement mills along the sea coast is being speedily accomplished. 
The production rate of ten important mills amounts to 80,000 tons per 
month, part of which is exported to Philippine Islands and Malaya. 
The quality of most products passes A.S.T.M. specifications as well as 
Chinese standards. Some plants anticipate the production of low-heat 
cement and modified cement. 


The writer does not completely concur with Mr. Cotton’s observations 


on cement fineness. In contrast with the information given by Mr. 


___ Cotton, Table gives fineness data for five brands of cement tested 


in the writer’s laboratory, among which is ‘“Chuan’”’ brand manufactured 
by a cement mill at Chungking. No remarkable variation in fineness 
has been found in different batches or from different shipments, and 


*Engineer in Charge, Concrete Laboratory, Huai River Conservancy Bureau, and Associate Professor 
of Materials of Construction, National Central University, Nanking, China. 
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TABLE A-—-AVERAGE RESULTS OF FINENESS TESTS 


Brand Percent retained on No. 200 sieve 
Tan-san 13.13 
Horse 15.36 
Chuan 8.52 
Great Wall 17.14 
Pin 15.52 


the amount retained on No. 200 sieve has never been as high as 37.78 
percent. 

Today the Chinese engineers, armed with modern equipment and 
better materials and inspired by achievements of American engineers, 
are adopting up-to-date concrete practice, and dawn upon the importance 
of laboratory work. For example, the laboratory with which the writer 
is associated has been established purposely to do preparatory work for 
the 80,000 cu yd San Ho Dam (concrete) on the Huai River, and there 
are quite a few concrete works of moderate size under construction in 
Kast China. During the last 6 months* the writer has inspected the 
sea-wall construction work along the Chien Tang River near Hangchow, 
the runway construction of Nanking air base, and the Tang Koo new 
harbor construction near Tientsin, and fortunately had a hand in the 
concrete testing on all these projects. Their construction methods are 
quite new and test results are fairly good. The strength (Table B) of 
concrete designed by the writer’s laboratory for the runway and San Ho 
Dam compares favorably with that of the best concrete in the United 
States. 

TABLE B- RESULTS OF CONCRETE MIX TESTS 


Made with Tan-san cement and river sand and crushed limestone aggregate 


Aver. unit Workability 
Net Remold- — strength ; 
Project W/C | Mix, Slump, ing at 28 days, Rodability Finish | Segre- 
by wt by wt in. jigs psi gation 
San Ho 1:2.93 
Dam 0.57 | :3.07 24 105 4430 Good Good None 
Runway | 0.49 (1:2.40 
of :2.60 3 6 4638 Good Good None 
Nanking 
Air Base 0.57 |1:2.41 4 90 3685 Good Good | None 
3.79 


The writer does not wish to present only the bright side of concreting 
work in his country, nor to contradict Mr. Cotton’s remarks. Rather, 
he wishes to emphasize China’s progress toward up-to-date techniques 
of concrete making, a progress effected largely thiough the assistance 
and cooperation of American engineers. 


*This discussion was received by the Institute June 25, 1948 
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AUTHOR'S CLOSURE 


The author is very grateful to receive information from Chia-Shiang 
Yen completing the history of the cement industry in China. 

It is true that Table 1 is the average of many cement tests. Most of 
the tests were made on new cement and a small proportion of tests were 
made on cement that had been in storage for a month or more. The 
analyses of the cement were made by the National Hydroelectric Kngin- 
eering Bureau. The laboratory equipment was first-class in every respect 
and the technicians were well qualified. It is true that the Szechuan 
area is very humid and that some of the cement is damaged en route 
from the mill or during storage. However, most of the cement was 
delivered within a few days’ time and usually caking or other troubles 
were not experienced. The writer does not now have access to the vol- 
uminous cement tests which are in the files of the National Hydroelectric 
Engineering Bureau in Nanking, so he cannot at this time study the 
individual tests. As I recall, the tensile and compressive strengths 
were higher before the war. Since 1945 the cost of coal has been very 
high and its quality and availability have been very poor, and the 
cement companies had a very difficult time making good cement. 
Cement costs vary widely. In some regions it has gone up to about 
$25 (U.S.) per barrel. 

Most of the cement tests were made at Changshow, which is only 
about 60 miles downstream from the cement mill at Chungking. ‘The 
writer agrees that the influences pointed out by Mr. Chia-Shiang Yen 
would be of particular importance in cement deliveries elsewhere at 
more distant points. 

Mr. Wu Chung-wei’s discussion shows that cement quality and con- 
crete making in China are rapidly improving. The author, during his 
3-year stay in China, had the rare opportunity of traveling over nearly 
all of China, including Formosa, the lower half of Manchuria, part of 
Mongolia, but not including the Sinkiang and Tibet areas. During 
these extensive travels, the author inspected in detail most of the cement 
mills and masonry and concrete structures of importance. The author 
noted that the Japanese concrete work in Formosa and Manchuria 
constructed before the war was generally fairly good, whereas that 
constructed during the war was generally very bad, mainly due _ to 
careless concrete mixing and placing. 

Concrete making in China, in most instances, is and will always be 
difficult for several reasons: (1) searcity of good coarse aggregates; 
(2) natural fine aggregates of poor grading heavily fouled with silt; 
(3) high cost and poor quality form lumber; and (4) excessive transporta- 
tion costs of cement, steel, lumber, ete. Artificial coarse aggregates of 
clinkers may be the solution in the vast region north of the Yellow River 
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and in the Yangtze River plain. In western China, the predominant 
sandstone makes good masonry, but poor concrete. 

Because of these factors and the shortage of cement, the writer has 
leaned toward designs involving as little concrete as possible. These 
designs included masonry construction; arch, diamond head and articu- 
lated concrete dams; rockfill, earth, and earth-rockfill dams. These 
designs involve the least cement and transportation, and local materials 
and labor can be utilized to the utmost. The common concrete gravity 
dam is not ordinarily economically suitable in China. 

The author as consultant to the Chien Tang Seawall Bureau designed 
an articulated reinforced concrete sea-wall to replace the ancient sea- 
wall of wet masonry gravity section. This sea-wall, hundreds of years 
old, is failing primarily due to failure of the wooden piling. The lime 
mortar and masonry are still in a remarkable state of preservation. 
This sea-wall extends for about 190 km and is subject to tidal bores 
reaching over 20 feet in height. In the new design, sand piles are used 
only to consolidate the quaking soil and not for direct support of the 
structure. 

The author gannot agree on the fineness figures of Chuan cement pre- 
sented by Mr. Wu as being truly representative, since exhaustive tests 
were made of this cement by the National Hydroelectric Engineering 
Bureau over a period of some 5 years. 

The portland cement industry in China, as well as other industries, 
has done a heroic job under adverse conditions difficult to realize in this 
country, not only during World War II but during the current civil 
war in China. After peace is restored, no doubt several large new cement 
plants will be constructed in China. The quality of the product should 
be first class, as China has may well-trained technicians capable of 
operating and controlling such works to meet any standard specifications. 
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Design of Rectangular Tied Columns Subject to Bending 
. . *K : 
with Steel in All Faces ‘ 
‘ 
’ 
By D. R. CERVIN# , 
Member American Concrete Institute 
SYNOPSIS 
One of the fastest accurate methods of designing rectangular tied 
columns, subject to compression and bending, is the procedure of con- 
verting the effeet of bending to an equivalent axial load and proportion- 
ing the column to the requirements of the increased axial load. Present 
tabular data confine this procedure to steel in the end faces only. A 
method is proposed in this paper which permits a rapid design for steel 
in all faces for any rectangular section. 
NOTATION 
A, Zross area of concrete column. Y 
A, transformed area of column. 
h width of column. 
c distance from neutral axis to outermost compressive fibers. 
e ratio of ——, 
O.45/, 
‘ . 4 
D ratio of 
2h? 
f eccentricity. 
kK modulus of elasticity. | 
. the average allowable stress on an axially loaded reinforced i 
‘ 
concrete column. i 
f. allowable concrete stress in bending. ¥ 
f. = ultimate compressive concrete strength, " 
. . . ° : 
I, permissible fiber stress on a column. 
~ #*Received by the Institute Nov. 10, 1947. 
tStructural Engineer, Bureau of Reclamation, Amarillo, Tex. d 
(401) | 
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g = ratio between extremeties of column steel and overall column 
depth. 
M = moment. 
Meee 
n = ratio of — 
N = actual axial load on column section. 
p = percentage of reinforcement. 
P = total allowable axial load on column section. 
R = radius of gyration. 
t = over-all dimension of column section. 
x = ratio of total column steel at one end. 
y = ratio of total column steel between centroid of column and one 
end. 
z = arm from centroid of steel ratio y to centroid of column. 


INTRODUCTION 


Much has been written about the design of columns having axial load 
combined with bending. From the practicing engineer’s viewpoint, any 
method to be practicable must be simple enough to understand and rapid 
enough to employ so as not to be unnecessarily time-consuming. in 
application. 

Recognizing the need for such a design procedure, Sec. 1109 of the ACI 
Building Code permits the computation of the combined fiber stress in 
compression, for axial load and bending, to be based upon the recognized 
theory applying to uncracked sections, provided the ratio of eccentricity 
to depth, e/t, is not greater than unity. 


Thus f. = af + = 
A; T, 
This can be resolved to 
< oe ee | 
N t Formula (27) in ACI Code (318-47) 


f= —|. Eola 
A, Li + (n-1)p 


Where D = ae 
2R 


Also from ACI Code, 


fa ™ Se | ne Formula (29) in ACI Code (318-47) 
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Equating Formula (27) to Formula (29), simplifying, and substituting 


p for faA, (1 + (n-1)p), and ‘ for e, there results, 


P=N+CD a 

The significance of this formula is that a column, subject to axial load 
and bending, may be proportioned for an equivalent axial load within 
prescribed limitations of e and ¢. The above derivation may be found in 
Continuity in Concrete Building Frames (third edition) published by the 
Portland Cement Association. Also presented in this publication are 
tables for readily ascertaining the values of C and D used in the above 
equation. The use of these tables in conjunction with this formula re- 
sults in a method of column design for axial load and bending which is 
one of the better methods, certainly the fastest, currently available to 
concrete engineers. 

A study of the above method reveals one weakness. For tied columns 
values of D are available for reinforcement only in the end faces of the 
column. Most square or rectangular columns have steel in all four faces, 
thereby reducing the potential usefulness of the tabulated D values. It is 
the purpose of this paper to devise a method of establishing values of D 
for any square or rectangular column having steel in all four faces. . 


METHOD OF DETERMINING D FOR STEEL IN FOUR FACES 


The determination of D for steel in four faces is accomplished in three 
steps. First, a general expression is developed for D for any rectangular 
steel arrangement. Second, a coefficient is determined from this general 
expression for every possible arrangement of steel up to forty bars. And 
third, the coefficients are studied for the selection of a minimum number 
of tables to readily determine D for any steel arrangement. 

The derivation of the general expression for any steel arrangement is 
as follows (see Fig. 1): 








Let x = ratio of total steel at one end. 
Let y = ratio of total steel between centroid of column and one 
end. 
Let z = arm from centroid of steel ratio y to centroid of column. 
iad D = _ git bead 2. recess (by definition) (1) 
Since R = 4, 
A, 
2, 
D = <1 DR Ae PUNE a Coke kd (2) 
21, 
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bt + (n—1) pbt 
a a one w wipld singh B'4i6 oi 4 95s (3) 


3 2 2 
~ + 2rA,(n—1) (4) + 2yA, (n— »(“) 


“2(n—1) pg 4: 
2 


Substituting (3) and (4) in (2) 


7 


Eq. (5) is 


2A, [1 + (n—1)p] 








te ENTROIO OF COLUMN 


Fig. 1 


y2* (n—1) pg? 4 








2 . A,t? [1 + 6 (n—1)pg? (x + yz?)] 


1 + (n—1)p 





x 0.167 + (a + yz?) (n—1)pg? 


the general expression for D for any arrangement of steel 
in terms of x, y, and z, as previously defined. 


2 


= Ad [1 + 6x (n—1)pg? + Gyz? (n—1)pg?] 


= Ag? [1 + 6 (n—A)pg? (@ + ye) ee eee. 


pare OE mets ee oe So wt (5) 
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Having derived a general expression, it is necessary to determine the 


second coefficient in the denominator for every reasonable steel arrange- 
ment employing up to forty bars. The result of this calculation is shown 
It should be noted that when ¢ = 2, the value of x + yz? is 
always 0.500 and is therefore never listed. 


Three types of steel arrangement are logically considered in setting up 
a small number of tables for determining D. Thus steel may be arranged 
either in a square form, or in a rectangular form with twice as many bars 
in one direction as in the other and bending normal to either the short or 
long row. 














DESIGN OF RECTANGULAR TIED COLUMNS 405 


From Table 1 the following data are taken: 





b t x + y2? 
2 4 .278 
3 6 .260 
4 8 255 
5 10 .253 
6 12 .252 
7 14 .251 


An average value of 0.250 would have little error for any of the above 
cases except the first, and even here, as will be shown later, such an error 
is without significance in column design. Thus for rectangularly placed 
steel, having twice as many bars in the side normal to bending as in the 
end, a coefficient of 0.250 may be used for x + yz?. 

For the case of rectangularly placed steel with bending normal to the 
short row, the following data are found: 


b t z+ y2? 

6 3 429 

8 4 411 
10 5 404 
12 6 395 
14 7 394 


An average value of 0.417 may be used for x + yz? without introducing 
appreciable errors. 


Lastly for a square arrangement of steel bars, we have: 


b t r+ y2* 
3 3 375 
4 4 352 
5 5 343 
6 6 332 
7 7 334 
8 8 325 
i) rt) .328 
10 10 322 


Except for the first case, an average value of 0.333 for x + yz? may be 
used. For the square arrangement employing eight bars, the coefficient is 
exactly midway between 0.333 and 0.417. It is now observed that the co- 
efficients selected for each of the three types are numbers which will not 
introduce errors in their use, and which also satisfy the trisection of the 
numbers between 0.25 and 0.50, the approximate range of coefficients 
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ordinarily encountered in column design. Where interpolation (or ex- 
trapolation) is necessary or desirable, this selection of coefficients will 
simplify the procedure. 

There now remains only the computation of D through the ranges of 
0.00 to.0.60 for (n—1) p and 1.00 to 0.60 for g, for the three coefficients dis- 
cussed above. In addition there is repeated for the case of end steel only 
those data already computed for tied columns shown in the handbook.* 
These four sets of coefficients, arranged in ascending values of x, are 
shown in Table 2. 

To maintain the design of columns as a complete entity within this 
paper, Table VI (coefficients f, and C for design of columns) from ‘‘Con- 
tinuity in Concrete Building Frames” (third edition) is also repeated 
here as Table 3. 


APPLICATION 


In designing a column it is necessary to assume the approximate ar- 
rangement of the reinforcing bars. Since this arrangement is a function 
of the column dimensions, a reasonable starting point is usually available 
from the prerequisite data for the determination of moments in the 
building frame. If the number and arrangement of bars finally selected 
is substantially different from the original assumption, a resolving of the 
problem by entering a more appropriate table will develop a completed 
design without undue loss of time. 

Usually a column may be designed by reference to Tables 2 and 3 only. 
D values may be determined sufficiently close from Table 2 for any steel 
arrangement without reference to Table 1 when it is recognized that a 
high coefficient for « + yz? indicates a large percentage of steel at the ends, 
and, conversely, a small coefficient indicates a high ratio of side rein- 
forcement. Interpolation or extrapolation may be resorted to, although 
this would hardly appear. necessary considering the small increments 
between adjacent sections of Table 2. 


Example 1 
Given: b = 20, 4 = 20 (anticipated) 

f. = 20,000 psi 
f. = 3,000 psi 
N = 200 kips 
M = 100 ft kips 

Refer to Table 2, x + yz? = 0.333 

For g = = = 0.75: D = 5.8 (for good coverage of (n—1)p) 


Refer to Table 3. 


*Reinforced Concrete Design Handbook, Committee 317, American Concrete Institute, Detroit 2, Mich. 
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For f, = 20,000, f, = 3,000, p = 0.025 (assumed): C = 0.57 





Compute, CD m = 0.57 X 5.8 X => = 198 kips 
t 20 

Add, N = 200 
Design section for total load, P = 398 
From Table 18 (ACI R.C. Design Handbook), 

load on concrete = 216 
Balance to be carried by longitudinal bars = 182 
From Table 18, select 14 - 19 = 177 
Check assumed values of p and (n-1)p 

14 X 0.79 


- = 0.0276 OK 
20 K 20 


(n—1)p = (10—1) 0.0276 = 0.25 OK 
It is apparent that 14 bars cannot be arranged in a square section. 
placing 5 bars at the ends and 4 along the sides will produce an x + yz? 
coefficient of 0.374 as shown by Table 1. This coefficient is exactly mid- 
way between 0.333 and 0.417, and the resulting D value is therefore read 
as 5.7 by interpolation. On revising the rest of-the solution, the load to 
be carried by the longitudinal bars is reduced to 179 kips and the over- 
stress resulting from 14 - 1% becomes negligible. The less efficient 
steel arrangement of 4 bars at the ends and 5 along the sides produces a 
coefficient of 0.322. This is so close to 0.333 that any change is wholly 
unwarranted. A casual review of the elaborate checks introduced into 
this problem makes it evident that the precise selection of D is not nec- 
essarily a requirement to obtain a satisfactory answer. 
Example 2 
Given: Same data as in Example 1. It is desired to use as 
little reinforcement as possible. 
Refer to Table 2, x + yz? = 0.500 
For g = 0.75: D = 5.3 (for (n—1) p = 0.25) 
Refer to Table 3 
For f, = 20,000, f. = 3,000, p = 0.025: C = 0.57 
M 100 K 12 _ 


Compute, CD — = 0.57 X 5.3 X 181 kips 
l 20 
Add, N - = 200 
Design section for total load, P = 381 
From Table 18 (ACI Handbook) load on 
concrete = 216 
Balance to be carried by longitudinal bars = 165 
From Table 18, select 8 - 14% % = 163 


and place 4 in each end face. 
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Example 3 
Given: b = 14, t = 28 (anticipated) 
All other data same as in Example 1 
Refer to Table 2, x + yz* = 0.250 
For g = a = 0.82: D = 6.0 (for good coverage of (n—1)p) 
Refer to Table 2 
For f, = 20,000, f, = 3,000, p = 0.020:C = 0.54 





Compute, cp = 0.54 X 6.0 ee 139 kips 
Add, N = 200 
Design section for total load, P = 339 
From Table 18, load on concrete = 212 
Balance to be carried by longitudinal bars = 127 


From Table 18, select 10 - 1% = 126 
and place 5 along each side. 


Reference to Table 1 shows that the adopted steel arrangement pro- 
duces an x + yz’ coefficient of 0.250 which coincides exactly with the 
estimated value. Also, actual p = 0.02 and (n—1) p = 0.18, which 
closely agree with the original assumptions. 

A more efficient use of the steel may be obtained by placing 4 bars at 
each end and 2 at the centroid, producing, as shown by Table 1, an x + yz? 
coefficient of 0.400. The D value for this coefficient is, by Table 2, 5.5 
instead of the original value of 6.0. Utilizing the reduced D value, the 
load to be carried by the bars is only 116 kips, a 9 percent reduction. 
Twelve % ?, arranged 5 at each end and 2 along the centroid, will satisfy 
the loading conditions. 

If the least amount of reinforcement were desired, C = 5.2 (from 
Table 2, x + yz? = 0.500), and the resulting load to be carried by the 
steel would be 108 kips. The steel selected must, of course, be divided 
equally between the two end faces. ’ 


CONCLUSIONS 
It is apparent that the range in D values between any two adjacent 
sections shown in Table 2issmall. However, the range between the lowest 
coefficient of x + yz*, 0.250, and the highest, 0.500, is of real design im- 
portance and cannot be overlooked. Consequently, a careful first selec- 
tion of D will usually make unnecessary the redesign of a column. 
It should not be overlooked, however, that this proposed method is 


: e : ; , 
applicable only when 7-does not exceed unity. Fortunately, the loading 
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, — : e 
and size of most building frames will produce — values for columns less 
t 


than unity. When this ratio exceeds unity the equivalent axial load 
method may no longer be employed. For these cases it would be difficult 
to find a method of solution superior to that proposed by Harold E. 
Wessman*. 


*Reinforced Concrete Columns Under Combined Compression and Bending,’’ ACI Jounnat, Sept. 
1946, Proc. V. 43, p. 1. 
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TABLE 1—VALUES OF x + 42? 


Values of x + yz* in 
1 + (n—1)p 
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- 8 weer itrol c mn . 
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 yeaegiganeret yee l 
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5 10 | .250 || 12 32 | .252 5 | 26 | .404 
6 12 | .220 || 14 36 | .238 | 6 | 28 | .380 
7 14 | .215 || —— | 7 | 30 | .366 
8 16 | .194 7 3 16 | 437 | 8 32 | .347 
——|—- —— 4 18 | .401 | 9 | 34 | .338 
3 3 8 | .875 5 20 | .375 || 10 | 36 | .322 
4 | 10 | .322 6 | 22 | .347 || | 12 | 40 | 301 
5 12 | .292 7 24 | .334 -- 
6 14 | .260 8 26 | 311 || 12 3 | 26 | .462 
7 16 | .251 9 28 | .304 || 4 | 28 | .437 
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——|—_—_ —— 10 32 | .209 ee. 38 | .304 
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4 14 | .874 14 40 | .264 Sax 
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6 18 | .B14 9 3 20 | .450 4 36 | .450 
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s 22 | .277 5 24 | .396 | 6 40 | 416 
9 24 | .271 6 26 | .371 — 
10 26 | .253 7 28 | .358 || 18 3 38 | .474 
12 30 | .236 8 30 | .337 4 40 | .456 
——|— —- 9 32 | .328 | — 
6 3 14 | 429 10 34 | 311 
4 | 16 | .389 12 | 38 | .290 
5 | 18 | 862 | 
6 | 20 | .332 
7 | 22 | .318 | 
8 | 24 | 206 ret 
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TABLE 3—COEFFICIENTS f. AND C FOR DESIGN OF TIED COLUMNS 
Values of fa = 0.18f'. + 0.8 FP for tied columns 


























1 + (n—1)p 





Values of p 


| | 
f'. n A Ee i F ‘ ere ; 
| 0.010 0.015 | 0.020 ' 0.025 | 0.030 | 0.035 | 0.040 
paunareses | s { en Son —— a aerial i | 
fe = 16,000 
2000 15 | a3 | 456 | 481 | 304 | 524 | 540 559 
2500 12 523 | 551 | 9579 604 627 | 649 668 
3000 10 «| «613 645 675 702 728 | 753 774 
3750 | 8 750 785 | 817 847 875 904 927 
5000 | 6 | 979 1016 1051 1084 1117 1150 | 1177 
_— ms ~ | — = - o|— eee | eee _ —— — I 
fe = 20,000 
CE SEE SSS SS sorta Sec 
2000 | 15 | 456 | #496 | 531 563 592 620 641 
2500 12 550 592 631 667 699 730 757 
3000 10 642 687 | 729 767 803 83S S6S 
3750 S | ms | oe i 88 915 955 od 1027 
5000 6 1010 1060 | 1109 1156 1200 1245 1283 
Values of C = aS 
0.45 f’. 
Values of p 
f'e n | : tee 
| 0.010 0.015 | 0.020 0.025 | 0.030 0.035 0.040 
fe = 16,000 
2000 5 «| 0.48 | 0.51 | 0.53 | 0.56 | 0.58 | 0.60 | 0.62 
2500 12 0.46 | 0.49 | 0.51 | 0.54 | 0.56 | 0.58 | 0.59 
3000 10 0.45 | 0.48 | 0.50 | 0.52 | 0.54 | 0.56 | 0.57 
3750 8 0.44 | 0.46 |. 0.48 | 0.50 | 0.52 | 0.54 | 0.55 
5000 6 0.44 | 0.45 | 0.47 | 0.48 | 0.50 | 0.51 | 0.52 
fe = 20,000 
2000 15 0.51 | 0.55 | 0.59 | 0.63 | 0.66 | 069 0.71 
2500 12 0.49 | 0.53 | 0.56 | 0.59 | 0.62 | 0.65 | 0.67 
3000 | 10 0.48 | 0.51 0.54 | 0.57 | 0.59 | 0.62 | 0.64 
3750 | 8 0.46 0.49 0.52 0.54 | 0.57 0.59 0.61 
5000 | 6 | 045 | 047 | 0.49 | O51 | 0.53 | 055 057 
cian i | { . 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative fragments 
—not the “‘copper-riveted”’ conclusiveness of formal treatises. “Answers” 
to questions do not carry ACI authority; they represent the efforts of 
Members to add their bits to the sum of ACI Member knowledge of 
concrete “know-how.” 


Deterioration of Sacked Cement (44-192)* 
By THOMAS J. BRAYT 


The problem of bagging cement to withstand adverse weather con- 
ditions had to be considered about two years ago for export purposes. 
Unfortunately the solution to the problem could not then be applied, 
due to current restrictions. 

In England, cement is packed in bags made of about five thicknesses 
of Kraft paper. No attempt is made to waterproof this paper. The 
suggestion was made to substitute a bituminized paper for one of these 
five layers. The objection to this was that the bituminized layer had 
to be removed before the bags could be repulped and that it was difficult 
to find a suitable paper that would not crack with use. A satisfactory 
solution was provided by replacing one of the layers of Kraft paper 
(the first layer under the outside layer) by a layer of a bituminized 
paper manufactured under licenset in Aberdeen, Scotland, and known 
as “Ibeco.”’ A trial cement bag was made as just described, filled with 
cement, and exposed in an open yard to the very severe weather con- 
ditions experienced in the north of Scotland. After twelve months this 
cement was still in perfect condition. Furthermore, the paper manu- 
facturers are willing to accept for repulping all cement bags containing 
the Ibeco paper. 

Assuming four dollars to the pound sterling, the five grades available 
retail at the equivalent of from 4.5 to 2.3 cents per sq yd. 
~¥See ACI JourNAL, October 1947, Proc. V. 44 p. 181. 


tChartered Structural Engineer, Cheam, Surrey. 
tC. Davidson & Son, Ltd., Aberdeen, Scotland. 
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Water for Making Concrete (44-197) 


A recent editorial in the pages of Concrete and Constructional Engineering* 
seemed to be of probable interest to Institute members. With the permission 
of the editors it is here reprinted in its entirety. 


If a water is fit for drinking it is generally accepted as suitable for 
making concrete, but the standards of drinking water differ in various 
countries and the effect of the same water on different cements has been 
shown to be markedly different. By a sentence such as “The water 
shall be clean and free from deleterious materials’? many specifications 
attempt to ensure that water used in making concrete is suitable for 
that purpose. Other specifications require that, if the water is not 
obtained from a source that has proved satisfactory, the strength of the 
concrete made with the available water should be compared with the 
strength of concrete made with water of known suitability, both con- 
cretes being made with the cement it is proposed to use in the works. 
American standards require that at the age of 28 days mortar made 
with ordinary Portland cement and suspected water shall have a com- 
pressive strength at least 90 per cent of that of mortar made with the 
same cement and water of known suitability. Although such tests may 
reveal early detrimental action on the setting of the cement, defects 
that may develop in the course of time and under conditions of ex- 
posure may not be discovered. The harmful effects of organic acids, 
for example, are not evident so soon as are those of mineral acids, while 
deleterious salts have a greater effect on strength at an early age than 
at later ages. The enduring strength of concrete depends on the proper 
chemical reactions consequent upon the hydration of cement continuing 
for many years. 


When a supply of proved suitability is not available, water may have 
to be taken directly from a natural source. Such water may be acid or 
alkaline, it may be hard or soft, or it may be contaminated with industrial 
waste or sewage. It is obviously undesirable to use mixing water which 
will interfere with the setting and hardening of cement, but the questions 
are What degree of impurity is permissible? and How will the impurity 
affect the concrete? It is known, for example, that sea-water at normal 
temperatures and with the concentration of salts (about 3% per cent) 
prevailing around the coasts of Britain does not appreciably reduce the 
strength of Portland cement concrete, although it may cause efflorescence 
and may lead to corrosion of reinforcement; that tannic acid and sugar 
in very weak solutions are harmful to concrete, as are most sulphate- 
bearing waters; that effluents from sewage works, gas works, paint 
works, and from the manufacture of artificial fertilisers can be detri- 


*October 1947, V. 42, No. 10, p. 295. 
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mental, but effluents from oil refineries, breweries, and soap works may 
not be so; that waters draining off moorlands or from marshes and con- 
taining humic acid or free carbonic acid are harmful, although water 
containing dissolved carbonic acid is not; that chlorides may not be 
injurious but that all sodium salts are (the effect of the slight concen- 
tration of sodium chloride in normal sea-water may be negligible, but 
very salt water is harmful); and that soft water may produce a weaker 
concrete than does hard water, the magnesium sulphate in permanently 
hard water having little effect. 

Knowledge of such tendencies is hardly sufficient, however, and more 
precise information is desirable. Much research, mostly unco-ordinated, 
has been carried out on this subject. The effects of temperature and 
the concentration of salts in sea-water have been investigated during 
the past hundred years, as has the effect on concrete immersed in sea- 
water of subsequent exposure to air or water. The damaging effect.of 
pure water in making Portland cement concrete is also well known, 
although the records do not extend over so many years. The importance 
of the type of cement used is clearly shown in these investigations, 
because high-alumina cement is unaffected by being mixed with pure 
water but water containing salts should not be used with high-alumina 
cement. 

In general, however, the available results of researches deal with 
specific cases of contamination, and apply to tests extending over limited 
periods. As has been emphasized previously in our pages in connection 
with cements, long-term tests are essential. It would be useful if 
authoritative data were available of the permissible limits of the im- 
purities commonly found in water, and the limits should be determined 
for the various cements in use. It would also be useful if standard 
methods of testing were available by which impurities could be detected 
and their quantities determined. These tests should, so far as possible, 
be such that they can be quickly made on the site of the works to indi- 
cate whether the water is suitable, or definitely harmful, or whether 
testing in a laboratory is advisable before it is used. Visual inspection 
is useful, as the presence of some contaminations can be detected by 
the senses of sight or smell. Simple tests to detect acidity or alkalinity 
‘an be applied on the site, the easiest of which is the use of litmus paper. 
A more precise indication is obtained by noting the change in colour of 
water after the addition of a few drops of a prepared dye to determine 
the hydrogen-ion concentration, the Ph value. Neutrality corresponds 
to a hydrogen-ion value between 6 and 8; values below 7 indicate acidity 
and above 7 alkalinity. What is required to be established are the 
limiting values of hydrogen-ion for acidity and alkalinity for water to 
be used for making concrete with Portland cement. A range suggested 
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in America is 4 to 84%. Other chemical tests are available for the de- 
tection of sulphates, chlorides, and carbonates, but means are required 
of determining the quantities present and a knowledge of the amounts 
which may be harmful is desirable. 


Sawing and Cutting Concrete Specimens (44-198) 


Q—An Institute member writes: “Will you please furnish any data 
you have on equipment and procedures for cutting concrete specimens? 
We are especially interested in equipment for sawing or cutting large 
specimens of concrete, e.g., heavy-duty concrete slabs up to a thickness 
of at least 12 in. to be cut into beams for flexure tests. 

“Several years ago the writer read one or two articles in the trade 
press on a procedure developed for cutting concrete specimens by means 
of an endless wire revolving over two pulleys, an abrasive charge being 
used in the cut and the cutting action being accomplished by action of 
the moving wire against the abrasive charge. If you can shed any 
light on this method, it will be helpful.” 


By R. F. BLANKS* 


A—Some information on the Bureau of Reclamation practice may be 
of value. Photographs of two types of saws used for cutting concrete 
specimens are presented. 

One set of the pictures shows our own diamond blade saw which is 
used for cutting specimens and slabs not more than 8 in. thick. The 
blade is mounted on a stationary shaft and the table (Fig. 1) carrying 
the specimen runs on a track and is moved into the revolving blade 
(Fig. 2). These blades can be purchased commercially. 


*Chief, Research and Geology, Bureau of Reclamation, Denver, Colo 


Fig. 1—Table of the dia- 
mond blade saw carries the 
specimen to cutting posi- 
tion. 
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Fig. 2—Concrete specimen 
moves into the revolving 
diamond blade saw. 


Fig. 3—Local stone cutter 
used a gang saw. 


Fig. 4—Reciprocal gang 
saw is used for specimens 
more than 8 in. thick. 
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The reciprocal gang saw shown in Fig. 3 and 4 is the type used by a 
local stone cutter we employ for cutting specimens over 8 in. thick. The 
steel blades of this saw are about *% in. thick, 12 in. high, and 14 ft long. 
Steel shot mixed with mud to a consistency of thick cream is used as the 
cutting medium. 


Dust Problem in Loading Truck Mixers (44-199) 


Abstracted from Technical Information Letter No. 34 of the National Ready Mixed 
Concrete Association 


Keeping mixers and trucks free of cement dust has always been a 
difficult problem: yet, it is considered essential to good business. ‘The 
problem arising from cement particles suspended in air being deposited 
on mixers can be approached from a number of angles. Theoretically, 
the dust can be prevented from forming, can be prevented from coming 
in contact with the exterior of the mixer, or can be inhibited from sticking 
to the outside surfaces. Practically the attainment of these objectives 
is difficult. 

Introduction of the ingredients of the concrete to the mixer results in 
displacement of air within the mixer, which causes considerable tur- 
bulence and suspension of cement dust in the air. This air “blows back” 
through the hatch and, conceivably, it could be arranged to pass through 
a simple dust collector. Perhaps, also, an opening in addition to that 
used for charging might do much to avoid turbulence and dust formation. 
For example, in the case of a horizontal drum mixer loaded through the 
top hatch, it might help to have the rear door “cracked” to permit the 
air, to escape, thus reducing turbulence. Also, simultaneous loading of 
cement and aggregates (“ribbon loading’) might reduce the amount of 
dust formed. 

Several members have gone to elaborate lengths to try to solve the 
problem by preventing cement dust from coming in contact with the 
exterior of the mixer. One organization is about to install the equipment 
illustrated in the attached sketch (Fig. 1) to cope with the problem. 
The dust-laden air escaping from the mixer is to be confined between 
the “boot” used for charging the mixer and an outer canvas hood. An 
exhaust fan will discharge the air and cement dust into the cement. silo. 


Another producer has installed a small gathering hopper with a boot 
through which the ingredients fall. Installed in the gathering hopper is 
the mixing water discharge pipe so arranged that the dry materials fall 
through a curtain of water. The May 1947 issue of Rock Products 
describes an installation at a central-mix plant utilizing a steam curtain 
to blanket the cloud of dust at the top of the mixer. In this case jets 
of steam are directed in such a manner as to settle the cement dust. 
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Fig. 1—Dust catching device for loading truck mixer 


With transit-mixing operations the need for making installations 
flexible enough to accommodate different heights of trucks and types 
of mixers presents difficulties. Therefore, many producers have con- 
centrated their efforts toward preparing exterior surfaces of mixers so 
that cement dust will not adhere or is readily removable. Some have 
coated their mixers with form oil or fuel oil and paraffin oil mixtures. 
However, this has not proved altogether satisfactory. One producer 
claims that such coatings actually draw dust and that mixers should be 
kept as dry as possible. In one case mixers are coated each morning 
with form oil which can be sprayed or brushed on. At the end of the 
day a high pressure hose (at least 75 Ib) easily removes accumulated 
cement dust. 


As stated before, no method has proved entirely satisfactory. It is 
hoped that members seeing this summary may be able to contribute 
their experiences toward solving this problem. One producer feels that 
“the long and short of keeping trucks clean is complete steam cleaning 
and repainting at least twice a year and plenty of elbow grease and water 
in between times.” 
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PREPAKT 


REPORTS 
WILL PROVE: 
EXTREME DURABILITY 


= 
SPEED IN APPLICATION 
. 

LOWER COSTS TO OWNER 
e 
FLEXIBILITY IN APPLICATION 
e 
LOW SHRIN KAGE 
se 
STRUCTURAL STRENGTH 
e 
LOW TEMPERATURE RISE 
* 

EXTREME BONDING 
STRENGTH 


SMOOTH SURFACE TEXTURE 


CHICAGO 
INTRUSION -PREPAKT 


TORONTO 


A series of reports on PREPAKT 
Concrete use and application. 


PREPAKT Concrete offers to the 
construction industry certain definite 
advantages of great interest to those 
concerned with structural concrete. In 
brief, these advantages have brought 
about new and improved standards of 


application, economy, and durability. 


For your analysis, this space in each 
of the next nine issues of the ACI 
devoted to PRE- 
PAKT reports. Each will present field 


Journal will be 


records and test reports on concrete 


problems, installations, and  appli- 


cations. 


The reports are planned to include 
the major types of concrete construc- 
tion and repair work. It is hoped they 


will be of interest and value to you. 


PHILADELPHIA 
THE PREPAKT CONCRETE CO. 


CLEVELAND 14, OHIO 
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Ju Denver— 


February 23-26 


Here’s about what you may expect as the 
meat of the three-day meeting of the ACI’s 
44th annual convention under Denver’s mile- 
high exhilaration. 

Like the bison they will barbecue for you at 
noon on February 24, some of the mental 
menu has been tough to corral and to hang 
up on a hook where we know it’s actually 
ready for your assimilation. 

We’ve explored a great promising 
sources for your convention fare, but promises 


many 


don’t make programs-——not always, in spite 


of the best of intentions. At last the following 


. . . 
seem positively assured: 


Monday, February 23 
The Board of Direction having decided por- 
tentous matters of policy and practice in a 
meeting on Sunday, the 22nd, the rank and 
file arriving on Monday morning will register 
at ACI headquarters, Hotel, 
the first (all day) Feb- 
23. Except for the members of indus- 


Shirley-Savoy 
convention day, 
ruary 


| trious committees foregathering for meetings 





(see p. 15) to expedite their assignments, lay 
conventionites will renew acquaintances, make 
some new 


ones, take a look at snow-capped 


veaks; gather in knots and groups where 
mine host Ike Walton will try to make them 
comfortable; retell old stories, rehash prob- 
lems old and new and gradually get into the 
mood for the first formal session at 8:00 p.m. 
in the general meeting room. 

You’d better get in on time—don’t wait to be 
urged—or you'll miss part of an interesting 
motion picture in color which will show how 
various tilt-up systems of construction ac- 
tually work. The film may give you the im- 
pression that you can build a house in a day 
with a negligible amount of formwork to build 
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up and then tear down. It’s a 19-minute film and its “speaks’’ for itself 
through its sound track, but C. A. Clark will have some brief supple- 
mentary comments. Capt. H. L. Mathews, U.S.N., of the Inyokern 
Naval Ordnance Station, Calif., will describe the use of pumice concrete 
in prefabricated construction. President Walker will announce the ap- 
pointment of tellers to canvass the ballots of the annual election. Gayle 
B. Price of Price Brothers Co., Dayton, Ohio, will describe “Flexicore 
Prefabricated Floors.”’ Next, a paper by Arthur Stone, engineer, Port- 
land Cement Association’s Housing and Cement Products Bureau, 
Chicago, on one of the uppermost housing problems, “Thermal Insulation 
of Concrete Homes.”’ He will give you the boiled-down practical essence 
of a vast amount of research, minus detailed laboratory data. 
Tuesday Morning, February 24 

Tuesday morning, February 24, Past-President Roderick B. Young will 
preside over a session which he himself, as a member of the Institute’s 
Technical Activities Committee, may be said to have fathered and pro- 
moted on various phases of the subject of “Resistance of Concrete to 
Destructive Agencies.”’ 

H. S. Sweet and K. B. Woods of the Joint Highway Research Project, 
Purdue University, will report “Aspects of the Influence of Aggregates 
on Concrete Durability’; Thomas E. Stanton, Materials and Research 
Engineer, California Division of Highways, Sacramento, will discuss the 
“Durability of Concrete Exposed to the Salts in Sea Water and Alkali 
Soils’; Mrs. Ruth D. Terzaghi, geologist of Winchester, Mass. will 
present “Causes of Deterioration of a Concrete Graving Dock’’; Charles 


Bradley Dewey, former U. S. Rubber 
Director and president of Dewey and Almy 
Chemical Co., will discuss results of the 
Bikini atomic bomb tests at the ACI dinner 
meeting, Tuesday, February 24 in Denver. 
Mr. Dewey, whose observations are fresh 
from personal experience, will emphasize 
new phases of nuclear fission in his 
illustrated talk. 
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Lanting forward to a record attendance at the annual convention of the American 
n 


Concrete Institute, members of the convention committee plan features of the meet to be 
held in Denver February 23-26. Left to right: Stephen H. Poe, Bureau of Reclamation, 
convention publicity; E. W. Thorson, Portland Cement Association, chairman of the con- 
vention committee, O. O. Phillips, R. J. Tipton and Associates, Inc., exhibits; Robert F. 
Blanks, Bureau of Reclamation, vice-president of ACI; H. S. Meissner, Bureau of Recla- 
mation, program. 


H. Scholer and W. E. Gibson of Kansas State College, Manhattan, will 
report “Studies of Expanding Concrete.” 


Tuesday Afternoon, February 24 

On the adjournment of the Tuesday morning session, the Denver 
convention committee under the chairmanship of E. W. Thorson will 
provide transportation to the Denver Federal Center, about nine miles 
from downtown Denver, where those who have registered for the event, 
will participate in the buffalo barbecue luncheon followed by a consider- 
able trek through the Bureau of Reclamation laboratories. You will 
have an opportunity to choose the group with which you wish to go to 
see the things you most want to see; there will be an advance text pre- 
pared by the local committee to show you what you are seeing. The 
committee will also get you back downtown in plenty of time to slick 
up a bit for the 44th annual convention dinner at 7:00, Shirley-Savoy 
Hotel, where the proprietor, Ike Walton, personally selects the meat 
and stands over the chef while it is cooked. 

After coffee there will be the report of tellers and recognition of new 
officers and directors. As you have seen in N. L. pages for November 
an amendment to the By-Laws will come up. If vou are primed on it in 
advance it ought not to take five minutes. 

President Walker will then present the tokens of annual awards to this 


(Contnued on p. 22, Convention) 
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ACI Awards go Ze Menzel, 
Power4, Brownyard, Willaou 


Wason Medalists and Construction Practice Award winner for 1947 
are Carl A. Menzel, Treval C. Powers and Theodore L. Brownyard, and 
Richard J. Willson, according to announcement by the Board of Direction 
of the American Concrete Institute, following its action approving the 
report of the Medals Award Committee. Formal presentation of the 
awards will be made at the 44th Annual Convention in Denver at the 
dinner meeting February 24, 1948. 

Carl A. Menzel, manager of the housing and cement products bureau, 
Portland Cement Association, Chicago, will receive the Leonard C. 
Wason medal for the “most meritorious paper” of the year for his con- 
tribution 

Development and Study of Apparatus and Methods for the 
Determination of the Air Content of Fresh Concrete 
which appeared in the ACI JournaL, May 1947. 

Treval C. Powers, manager of basic research for P. C. A., Chicago, and 
Theodore L. Brownyard, formerly research chemist with the Portland 
Cement Association, are co-winners of the Wason medal for ‘‘note- 
worthy research’’. Their paper 

Studies of the Physical Properties of Hardened Portland Cement Past 
was published serially in seven installments in the ACI JourNaAL, October 
1946 through April 1947. 

The Wason awards, founded in 1917 by Past-President Wason, consist 
of a cast bronze medal suitably inscribed and a certificate of award. 
One medal is presented for the “most meritorious paper’ published in 
the Iatest volume of Proceedings of the American Concrete Institute; 
the other, the research medal, is awarded for some original work or 
discovery whose subject matter falls within the scope of the Institute’s 
activity and which has been published within the year. 

Richard J. Willson, area field engineer for the Bureau of Reclamation, 
Grand Lake, Colo., is 1947 winner of the ACI Construction Practice 
Award for his paper 

Lining of the Alva B. Adams Tunnel 
which appeared in the ACI Journat, November 1947. The token of 
the award is a suitable certificate accompanied by Series E United States 
Bonds with maturity value of $300. This award, for a paper of out- 
standing merit on concrete construction practice, was established by 
the Institute to honor the construction man whose resourcefulness comes 
between the paper conception and the solid fact of a completed structure. 
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The Award Winners 





Carl A. Menzel—Wason Medalist 


Carl A. Menzel, Institute member since 
1935 is familiar to JouRNAL readers as 
the author of seven papers; the most 
recent in addition to the winning article 
was “Some Factors Influencing the 
Strength of Concrete containing Admix- 
tures of Powdered Aluminum”, ACI 
JourNAL January 1943, Proc. V. 39, p. 
165. Since receiving his bachelor of 
science degree from the University of 
Illinois in 1917, he has been engaged 
almost continusouly in research, testing 
and development work on _ building 
materials and construction. He served 
for 3 years with the Forest Products 
Laboratory at Madison, Wis., and for 7 
years with the Underwriters’ Laboratory. 
Since 1928 he has been engaged in various 
research projects for the Portland Cement 
Association. 


Mr. Menzel designed and developed 
the autoclave comparator and molds now 
used universally by the cement industry 
and testing laboratories in the conduct of 
the autoclave test for the soundness of 
cement. He designed and holds patents 
on the Menzel reinforcing bar, outgrowth 
of extensive studies of the bond between 
concrete and reinforcing steel. 

It makes interesting supper table con- 
versation when Carl sheds the serious 
mantle of the researcher and discusses in 
connection with air entrainment in 
concrete, what he likes to call his “burp 
test’’—not yet adapted to gustatory feats. 

His first duties with the P.C.A. were as 
associate engineer in the laboratories, 
where he was senior research engineer un- 
til recently (see Dec. 1947 JouRNAL, News 
Letter p. 12) he was appointed manager 
housing and cement products bureau. 


Treval C. Powers and Theodore L. 
Brownyard—Wason Medalists 
Treval C. Powers, ACI Member since 
1927, and long an active participant in 
administrative and publications work of 


the Institute, twice previously a Wason 
Medalist (1932 and 1939) is well known 
among JOURNAL readers. 


Mr. Powers was graduated from 
Willamette University, Salem, Oregon in 
1925 and worked for a year and a half in 
the testing laboratories of the Oregon 
State Highway Commission. During 1927 
and 1928 he was in charge of concrete pro- 
portioning, inspection, and tests on the 
Bull Run Dam by the City of Portland. 
The outstanding work in concrete tech- 
nology that he did on this project was 
reported in his first JouRNAL contribution, 
“Concrete Studies at the Bull Run Dam” 
ACI Proc. V. 25, p. 388). Since that time 
Mr. Powers has been author or co-author 
of ten more papers. 


The interval between completion of 
work at the Bull Run Dam and 1930, he 
devoted to the operation of a ready-mix 
concrete plant and to studies of pozzolanic 
materials. In 1930 he joined the research 
staff of the Portland Cement Association 
and in 1940 organized the association’s 
division of basic research. He was in 
charge of the division as assistant to the 
director of research until 1944, when he 
acceded to his present position as manager 
of basic research. 


Theodore L. Brownyard, co-recipient of 
the Wason award is relatively new to Insti- 
tute circles. A native of Michigan, he 
attended high school at Cedar Springs 
before entering Western Michigan College. 
Following 2 years of college work he 
spent 4 years teaching high school 
chemistry at Fremont, Mich. In the fall 
of 1929 he entered Massachusetts Insti- 
tute of Technology and the following 
spring he was awarded the Francis P. 
Garvan Fellowship at Johns Hopkins 
University where he received the doctor 
of philosophy degree in 1934. After 
another year at Johns Hopkins, he was 
employed by the Standard Lime and Stone 
Co., Baltimore, Md., and later by the 
Standard Oil Co. of Indiana. 
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Doctor Brownyard joined the Portland 
Cement Association in 1937 as a research 
chemist, in which capacity he served until 
January 1943 when he became an air 
navigator in the U. 8. Navy. Upon his 
return to civilian life, he went back to the 
P. C. A., but since June 1946 he has been 
a civilian scientist with the Navy Depart- 
ment. He is a member of the American 
Chemical Society, Sigma Xi, Phi Beta 
Kappa, Phi Lambda Upsilon, Kappa Rho 
Sigma and Gamma Alpha. 


Richard J. Willson—ACI Construction 
Practice Award 

Richard J. Willson was born in Denver, 
Colo., March 21, 1910 and attended ele- 
mentary school there and in smaller towns 
in western Colorado. Following gradu- 
ation from high school at Aspen in the 
heart of a “hardrock” mining area, he 
enrolled in mining engineering at the 
Colorado School of Mines. During the 
depression in 1930 he left college after 
two years of study, and entered the employ 
of the Bureau of Reclamation. 


Starting as a laborer digging test pits 
during the investigation of earth embank- 
ment materials at Cle Elum Dam in 
Washington, he later became an assistant 
in the testing laboratory and after the 
completion of field work continued Soil 
investigations in the bureau’s laboratory 
at Fort Collins, Colo. His next assign- 
ment was at Montrose and Fort Collins 
in hydraulic laboratories where model 
studies were under way for the design 
of Boulder, Cle Elum, Madden and other 
dams. In November 1931 he went to 
Las Vegas, Nev. where he assisted in the 
concrete and aggregate investigations for 
Boulder Dam, and after concrete con- 
struction began he was assigned to the 
control laboratory at Boulder City. 


In 1933, Mr. Willson resigned from the 
Bureau of Reclamation to accept a 
position with private contractors engaged 
in work on Madden Dam in Panama. 
Here he served as foreman on foundation 
drilling and grouting jobs, fabrication of 
reinforcing steel and concrete mixing. He 
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subsequently was made assistant to the 
contractor’s chief engineer and was re- 
sponsible for field engineering. When 
Madden Dam was completed he returned 
to Bureau of Reclamation work in 
the Denver cement laboratory, studied 
cements for Tennessee Valley Authority 
work, and in 1936 went to Austin, Texas 
as concrete and materials engineer on 
the Marshall Ford Dam. 


In 1944 he became concrete and 
materials engineer on the Colorado-Big 
Thompson project in northern Colorado, 
and while his duties consisted of material 
investigation and aggregate preparation 
for the project as a whole, he was chiefly 
responsible for the lining of the Alva B. 
Adams Tunnel, about which the prize- 
winning paper was written. He is now 
area field engineer on the western portion 
of the Colorado-Big Thompson Project 
where work is being done on inlet struc- 
tures for the tunnel, Granby Dam and 
dikes, and the Granby pump plant and 
pump canal. Mr. Willson has been a 
member of the Institute since 1936. 
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On behalf of ACI, Charles Wuerpel (standing) salutes the Primera Conferencia del 


Hormigon y 
Mr. 
in organizing the conference. 


as Aplicaciones del Cemento Portland in 
verpel's left is Ingeniero Juan Augustin Valle who shouldered heavy responsibilities 


Seated at 


Buenos Aires. 


CHARLES WUERPEL GREETS BUENOS AIRES CONFERENCE 


Greetings and salutations of the Ameri- 
can Concrete Institute to the participants 
in the Primera Conferencia del Hormigon y 
Otras Aplicaciones del Cemento Portland. 
(First Conference on Concrete and Other 
Applications of Portland Cement) were 
delivered in Buenos Aires, Argentina by 
Institute member Charles Wuerpel on 
November 7, 1947. Mr. Wuerpel officially 
pledged the sincere desire of ACI for co- 
operation in the exchange of ideas and 
expressed the hope for close relations 
between the Unites States and Argentina. 
On the second day of the conference, Mr. 
Wuerpel presented a paper on air entrain- 
ment completely in Spanish and describes 
the experience as “interesting indeed.” 

The conference, lasting through Novem- 
ber 13, consisted of a splendid program of 
technical papers and the formation of a 
number of permanent committees created 


to study the various aspects of concrete 
technology and to present reports at 
future annual conferences. Some 300 per- 
sons including most of the prominent 
engineers of Argentina attended the 
Much credit for the success of 
the meetings goes to the sponsoring 
organization, Instituto del Cemento Port- 
land, and its director, Ingeniero Juan 
Augustin Valle (see photograph). 

At the invitation of the Jnstituto del 
Cemento Portland, Mr. Wuerpel also acted 
as representative of the United States at 
the conference. Brazil, Chile, France, 
Peru, Spain and Uruguay were also repre- 
sented, At all of the various banquets and 
luncheons as well as the inaugural session, 
the representatives of the several foreign 
nations were seated at a table of honor and 
were formally presented to the assembled 
company. 


sessions. 





rt 
is 
bs] 


See = * Sat SNE ee 


gros 





es 





10 


Who's Whe This Month 


1. E. Morris 


is a new member of the Institute and of 
its Building Code Committee. He pre- 
sented a very well-received paper, 
“Economy in Structural Design’, at 
ACI’s Regional Meeting in Birmingham, 
Ala., October 6, 1947. It stimulated 
considerable extemporaneous discussion, 
and now appears in this Journat, p. 349. 
This is not a new flight into the realm of 
design theory; it is a practical comparison 
of several types of framing systems, with 
attention to relative cost and efficiency. 


Mr. Morris is author of the booklet, 
“Allowable Loads on Eccentrically, Loaded 
Concrete Columns” (see Current Re- 
views, December 1947, p. 337). He has 
had wide experience in design of concrete 
structures, received his engineering edu- 
cation at Georgia School of Technology 
and studied creative writing at Columbia 
University. For 8 years he was chief 
engineer of the reinforcing steel depart- 
ment of Connors Steel Co., Birmingham. 
In 1938 he entered private structural 
practice, and in 1944 organized the firm 
of I. E. Morris and Associates, engineers 
and consultants. Mr. Morris is a member 
of the A. 8. C. E., the N.S. P. E., and the 
Georgia Engineering Society. His time 
is now principally devoted to consulting 
work. 


S. G. Seaton 


makes his first appearance as a JOURNAL 
author with advice for the practical treat- 
ment of cinder aggregates to prevent 
unsightly staining and pop-outs in finished 
cinder concrete products. The story of 
his work on this project appears on p. 361 
in “Study of Causes and Prevention of 
Staining and Pop-Outs in Cinder 
Concrete.” 


Mr. Seaton received his bachelor of 
science degree in chemical engineering 
from Case School of Applied Science, 
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Cleveland, in 1917, and was in chemical 
warfare service in World War I. He did 
approximately 6 years work on research 
and development in organic chemistry, 
and for 14 years was chief chemist for a 
producer of natural and masonry cements; 
was engaged in research for 3 years with 
the Development Department of the 
Portland Cement Association. Mr. 
Seaton is at present associated with the 
American Silica Sand Co., Ottawa, IIl., 
working in the production of silica sand, 
natural cement and agricultural lime- 
stone. 


John S. Cotton 


sends out of China a story and pictures 
(“Concrete Making in China’, p. 381) 
which indicate the necessarily tedious 
progress being made toward restoration 
of engineering works in that war-torn 
nation. His information comes from on- 
the-spot observations of the Sungari and 
other projects, in the capacity of chief 
engineer for the National Hydroelectric 
Engineering Bureau, National Resources 
Commission of China. He has been in 
this position since April 1945 and is in 
full charge of design, planning and con- 
struction sections. Born at Fort Bragg, 
Calif. in 1901, he studied civil and me- 
chanical engineering at Heald College, 
and electrical engineering at the University 
of California. . He is a licensed engineer 
in California, and received his master’s 
degree in civil engineering from Heald 
College in 1938. 

From 1925 to 1932 he did design and 
construction work in hydraulic engineer- 
ing; in March 1933 became a supervising 
engineer on construction work for the 
U. S. Forest Service. He started civil 
and electrical engineering work as principal 
engineer for the Federal Power Com- 
mission in 1936, and continued in this 
position until 1945 when he assumed his 
present duties. 
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Mr. Cotton is a member of the American 
Geophysical Union, an ACI member 
since 1943, member of the American 
Society of Planning Officials, A. 8. C. E. 
and A.I.E.E. He is the author of Small 
Electrical Plants Handbook, co-author of 
“Measurement of Debris Laden Flows by 
Critical Depth Flumes” (an A. 8. C. E. 
paper) and numerous papers and reports 
for the U. 8S. Forest Service and the 
Federal Power Commission, He plans to 
return from inflation-vexed China (where 
one United States dollar buys $115,000 
Chinese National Currency) early this 
year to establish a consulting practice in 
San Francisco. 


D. R. Cervin 


expresses his continuing interest in 
structural engineering with his paper, 
“Design of Rectangular Tied Columns 
Subject to Bending with Steel in all 
Faces”, p. 401 of this month’s JouRNAL. 
An ACI Member since 1943, Mr. Cervin 
was the author of another structural) 
work, “A’ Practical Procedure for Rigid 
Frame Design’’, April 1945. 

He was graduated in architectural 
engineering from the University of Illinois 
in 1934, and in the following two years 
did graduate work in structural engineer- 
ing at Illinois and at the University of 
Iowa. From 1934 to 1938, he was asso- 
ciated with the United States District 
Engineer Office, Rock Island, Ill. in work 
on locks and dams for the 9-ft channel in 
the Mississippi River. In 1939 he was 
associated with a Davenport, Iowa 
architect’ designing school buildings; he 
worked as office engineer for the McCarthy 
Improvement Co. in South Carolina in 
1940. 

During the following year and a half, 
Mr. Cervin was in the Canal Zone with 
the special engineering division working 
on the design of the third locks for the 
Panama Canal. When this work was 
halted by the advent of war, he became 
assistant head of the structural design 
section of the United States Army District 
Engineer Office at Jacksonville, Fla. 


where his work included army camp and 
airport design in the Florida area. He 
later was structural engineer with the 
National Advisory Committee for Aero- 
nautics. For the past 2 years, Mr, Cervin 
has been connected with the U. S. Bureau 
of Reclamation, Branch of Design and 
Construction, at Amarillo, Texas. This 
present work overlaps, as he says, in the 
fields of civil and structural engineering 
with: “smatterings of hydraulics thrown 
in for good measure”’. 


Neu Members 


The Board of Direction approved, 86 
applications for Membership (61 Indi- 
vidual, 1 Corporation, 11 Junior, 13 
Student) received in November. 

The Membership total on December 1, 
1947 after taking into consideration a few 
losses by death, resignation and for non- 
payment of dues, was 3737. 


Individual 

Anderson, James T., c/o Raymond 
Hegeman, Apartado 45, Barcelona, 
Venezuela, S. A. 

Arkell, Vahe M., 601 W. 191 St., New 
York 33, N. Y. 

Barta, Rudolf, University of Technical 
Sciences, Prague, Czechoslovakia 

Berry, Geoffrey, V., c/o Sika Ltd., 82 
Victoria St., London 8. W. 1, England 

Clarke, G. T., 56 South St., Halifax, N. &., 
Canada 

Coleman, Percy L., 1700 5. Second St., 
St. Louis 4, Mo. 

Coppen, Frank, 65 Highlands Court, 
Gipsy Hill, London 8, E. 19, England 
Crothers, Joseph, Geo. W. Crothers Ltd., 
1101 Millwood Rd., Leaside, Toronto, 

Ont., Canada. 

Davidson, Sam, U.S. Bureau of Reclama- 
tion, Bldg. 1-B, D. F. C., Denver 2, 
Colo. 

Dawson, I). James, 72 W. Adams St., 
Room 718, Chicago 3, Il. 
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DeBuys, Rathbone, 1514 Calhoun St., 
New Orleans 15, La. 

Feagin, John L., 916 Falls Bldg., Memphis, 
Tenn. 

Gonzalez, Hernando, Apartado Nal No. 
509, Cali, Colombia, 8. A. 


Groner, Christian Fredrik, Dronningens 


gate 14, Oslo, Norway 

Hagerman, Bernard H., 62 Alexandra St., 
Fredericton, N. B., Canada 

Hall, William H., Dept. of Architecture, 

. Okla. A & M College, Stillwater, Okla. 

Hamilton, Peter, 1535 N. Allen Ave., 
Pasadena 7, Calif. 

Harder, Bernard 8., 746 Burchett St., 
Glendale 2, Calif. 

Harris, Harlan Francis, 7760 Westview 
Drive, Box 668E, R. R. No. 8, Lake- 
wood 15, Colo. 

Hayashi, Benjamin Masao, P. O. Box 
1225, Honolulu, T. H. 

Hee, Tai Bun, 1914 C. Bingham St, 
Honolulu, T. H. 

Herring, Bernard Carroll, ‘Furdson 
House”, Greenway Road, Taunton, 
Somerset, England 

Hood, Percy Edward, 1433 Aberdeen Ave., 
Baton Rouge, La. 

Humm, Werner, Director of Research, 
E. G. Portland, Wildegg, Switzerland 
Jones, Rowland, 300 Penn Ave., Pitts- 
burgh, Pa. 
Kaar, Paul Harry, Engineer of Tests, 
Fritz Engineering Laboratory, Lehigh 

University, Bethlehem, Pa. 

Kahmer, Frederick L., Box 105, 
McGaheysville, Va. 

Levin, George Lloyd, 711 Wesley Temple 
Bldg., Minneapolis, Minn. 

Levin, Max, 6822 Souder St., Philadelphia 
24, Pa. 

Logan, Douglas Haig, Calle “C” No. 562 
esq. a Calle 25, Vedado, Havana, Cuba 

Loughin, Marshall I., 2246 8. 70th St., 
West Allis, Wis. 

Luther, Charles L., 124 8. Birchwood, 
Louisville 6, Ky. 

Manniche, Niels Johan, Kvaesthusgade 1, 
Copenhagen K, Denmark 

Meyn, Malcolm A., 816 Howard Ave., 
Room 300, New Orleans, La. 
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Myers, A. E., Holmes & Narver, Okinawa 
Engr. Dist., APO 331-3, c/o P. M., San 
Francisco, Calif. 

Nigg, Milton W., 527 N. Ave. 67, Los 
Angeles 42, Calif. 

Pendleton, Julian B., Apartado 172, 
Maracaibo, Venezuela 

Peterson, Charles, 2428 Micheltorena St., 
Los Angeles 26, Calif. 

Phlegar, E. O., P. O. Box 4035, Phoenix, 
Ariz. 

Pugh, W. L., 1700 Sun Life Bildg., 
Montreal, Que., Canada 

Purdy, LeRoy C., City Engineer, City 
Hall, Jay St., Schenectady, N. Y. 

Robles, Angel Mario, Box 122, Jayuya, 
Puerto Rico 

Ross, Roderick, c/o Roderick Ross & 
Traill, N. 4 St. James Bldg., 123 
William St., Melbourne, Australia 

Rudolf, Tschudi, Beckenhofstrasse 64, 
Zurich, Switzerland 

Rusznyak, Geza G., 105 Garfield Ave., 
Toronto, Ont., Canada 

Satrom, LeRoy Martin, Box 1081, Wind- 
ham, Ohio ° 

Scheinman, Morris, 870A 5lst St., 
Brooklyn 20, N. Y. 

Silbert, Albert Charles, 61 Warwick Way, 
London 8. W. 1, England 

Singh, 8. Kulbir, 605 E. Healey, Cham- 
paign, Ill. 

Smith Vernon H., 301 Union Planters 
Annex, Memphis 3, Tenn. 

Spirz, Gustave, Station 10, Guam, Guam 

Steingart, Harry Arthur, 811 Essex Rd., 
Birmingham, Ala. 

Strickland, Raymond E. Jr., 1336 44th 
St., Belview Heights, Birmingham 3, 
Ala. 

Theuer, Arthur U., 3416 34th St. N. W. 
Washington 16, D. C. 

Thomas, Norman, 109 Meriton Rd., 
Handforth, Cheshire, England 

Twyford, Arthur Reginald, 117 Upping- 
ham Ave., Stanmore, Middlesex, 
England 

Vaughan, Evan W., 424 Maple St., 
Syracuse 10, N. Y. 

Valentine, Richard J., 555 W. Eleventh 
St., Claremont, Calif. 
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Vlad, Ernest J., 7100 Touhy Ave. 
Chicago 31, Il. 

Williamson, John, P. O. Box 288, 
Napoleon, Ohio 

Zorn, Harvey A., 3142 Sunshine Ave., 
Cincinnati 11, Ohio. 


, 


Corporation 

Great Lakes Carbon Corp., 18 E. 48th 
St.. New York 17, N. Y. (John W. 
Moorhead) 


Junior 

Birol, Ender F., 30-09 93rd St., Jackson 
Heights, L. I., N. Y. 

Bush, R. Y., University Club, Blacksburg, 
Va. 

Casas, Jose Luis, Box 152, San Juan, 
Puerto Rico 

Gardner, P. E. J., c/o Hydro-Electric 
Comm., Butlers Gorge, Tasamania, 
Australia 

Gordillo, Pedro Antonio, Av. Irigoyen 27, 
Cordoba, Argentina 

Lynch, John Paul, Corps of Engineers, 
APO 246, c/o P. M., San Francisco, 
Calif. 

Post, Georges, 903, Temple Ave., Knox- 
ville 16, Tenn. 

Preston, Alfred G., 26, Treherne Road, 
Newcastle-on-Tyne 2, England 

Sanchez, Fernando, P. O. Box 1505, San 
Jose, Costa Rica, 8. A. 

Stamataky, John Harry, 1309 Clinton 
Ave., Bronx 57, N. Y. 


Student 

Allison, Wendell Glen, 615 8. 10th St., 
Laramie, Wyo. 

Burgener, C. R., 269 N. 8th St., Laramie, 
Wyo. 

Chin, Yung-Kang, 1127 Prospect St., 
Ann Arbor, Mich. 

Dagdelen, Oguz, Box 601, Station A, 
Champaign, Ill. 

Davis, Bernard Bazet, Box 7899, Louisiana 
State University, Baton Rouge, La. 

Georgeff, Anthony Thomas, 1308 Garfield 
Ave., Laramie, Wyo. 

Gidwani, Govind Menghraj, 33 Exeter St., 
Strand, London W. C. 2, England 

Haack, Frederick L., 101 Arnold, Laramie, 
Wyo. 


Rickey, Horace B. Jr., 115 Patton St., 
Laramie, Wyo. 

Simpson, Howard, Dept. of Bldg. Engr. 
& Const., M. I. T., Cambridge 39, Mass. 

Stetz, Frank W., 19 FE. 93rd St., New York 
28, N. Y. 

Tann, Richard Albert, 1615 E. Luzerne 
St., Philadelphia, Pa. 

Tresler, George W. Jr., 203 Clay St., 
Laramie, Wyo. 

Whiston, Ronald E., 215 Patton St., 
Laramie, Wyo. 


ACI group meeting in Philadelphia 


ACI Members and interested non- 
members to a total of 30 met around a 
special luncheon table at the Engineers’ 
Club, Philadelphia, December 8. ‘The 
meeting was sponsored by Alexander 
Foster Jr., of the Warner Co., a former 
ACI director. ACI President Stanton 
Walker and Secretary-Treasurer Harvey 
Whipple were there to visit with the 
Philadelphia group without formalities. 
Those present: 


Jules Adler, Professional Engineer, Architects 
Bldg., Philadelphia 3, Pa. 

Earl P. Allabach, Designing Concrete Engineer, 
1933 Commercial Trust Bldg., Philadelphia 2, Pa. 

Louis H. Bressen, Liberty Corporation, 1810 
Packard Building, Philadelphia 2, Pa. 

Dudley Bright (of Washington, D. C.), Engineer, 
Concrete Steel Company, 16 South Broad Street, 
Philadelphia 2, Pa. 

G. C. Britton, Portland Cement Association, 1528 
Walnut Street, Philadelphia 2, Pa. 

Thomas Buckley, Director, Department of Public 
Works, City Hall Annex, Philadelphia 7, Fa. 
Jack Fitzgerald, Liberty . Corporation, 1810 

Packard Building, Philadelphia 2, Pa. 

Wm. H. Gravell, Designing Engineer, 318 E., 
Dirham Street, Mt. Airy, Philadelphia 19, Pa. 
J. E,. Havelin, Engineer, Philadelphia Electric Co.., 
17th fl. 900 Sansom Street, Philadelphia 5, Pa. 
Tony Horst, Contractor, Henry W. Horst Co., 

1505 Race Street, Philadelphia 2, Pa. 
Wm. H. Kline, 1427 Northampton Street, Easton, 
Ve 


a. 

Wm. F. Lotz, Builder, 4700 Frankford Ave., 
Philadelphia 24, Pa. 

J. C. McCloskey, Builder, McCloskey & Company, 
1620 W. Thompson Street, Philadelphia 21, Pa. 

John MeShain, Builder, John MecShain, Inc., 17th 
& Spring Garden Sts., Philadelphia 30, Pa. 

A. J. Miller, Jr., Builder, H. E. Baton, Inc., 1717 
Sansom Street, Philadelphia 3, Pa. 

Stanley H. Pownall, c/o Steele, Pownall & Geb- 
hardt, Builders, 1505 Race Street, Philadelphia 
”» > 

Wm. Pressler, Pittsburgh Testing Laboratory, 
238 Cherry Street, Philadelphia 6, Pa. 

Wm. R. Sauter, Designing Engineer, 1411 Walnut 
Street, Philadelphia 2, Pa. 

C. H. Schwgrtner, Builder, 1220 Hamilton Street, 
Philadelphia 23, Pa. 

D. C, Stackpole, District Engineer, Commonwealth 
of Pennsylvania, Department of Highways, No. 
7 Lancaster Avenue, Ardmore, Pa. 
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Jack Steele, Builder, Jack S. Steele Company, 
Phila. National Bank Bldg., 1416 Chestnut 
Street, Philadelphia 2, Pa. | 

John W. Townsend, Jr., Builder 1700 Walnut 
Street, Philadelphia 3, Pa. 

Warner Company Personnel: 

R. C, Collins 

H. M. Egner 

E.. L. Shoemaker, Chief Engineer 
Irving Warner, Jr. 

Alexander Foster, Jr. 

Harry F. Irwin 


Naum L. Shamroy 


Word has been received of the death of 
Naum L. Shamroy on October 18, 1947. 
Mr. Shamroy, who had been a member of 
the Institute since 1944, was born July 
22, 1899 and graduated in civil engineering 
at Cooper Union in 1922. At the time-of 
his affiliation with the Institute, he was 
chief engineer for the Leonard Construc- 
tion Co., New York, N. Y., but in 1945 
he joined the Rust Engineering Co., 
Pittsburgh, as a project engineer. In 
this capacity he specialized in the pulp 
and paper mill field, and at the time of 
his death he was supervising the design 
and layout of several large plants. His 
associates remember him as a well in- 
formed, capable and aggressive engi- 
neer, and a constant reader of engineering 
and scientific publications. In addition 
to his ACI affiliation, he was a member of 
the American Society of Civil Engineers 
and the Technical Association of the Pulp 
and Paper Industry. 


Philip Mooney 


a member of the Institute since 1941 died 
November 4, 1947 at Cleveland Heights 
Ohio. He suffered a heart attack while 
in a voting place and died there a few 
moments later as his wife knelt beside him. 


Philip Mooney was born in Boston, 
Mass., March 12, 1901, and was graduated 
from Tufts, Medford, Mass. Following a 
period of employment with the U. 8. En- 
gineers Office, in 1925 he assumed the 
duties of plant engineer with the Medusa 
Portland Cement Co. at Dixon, In 1931 
he was transferred to Wampum, as 





January 1948 


assistant superintendent, and in 1935 he 
went to Cleveland, Ohio as field engineer. 
Just 2 months before his death he had 
been promoted to assistant general 
superintendent. 


William F. Kellermann 


who died suddenly in Washington, D. C., 
on October 10, 1946, had been a member of 
the Institute since 1938. During this 
period he participated actively in the 
technical work of the organization— 
principally along the line of his chief 
interest, that of the utilization of concrete 
in pavement and highway bridge con- 
struction. As a member of Committee 
613, Design of Concrete Mixes, he took an 
active part in the development of the 
present standard recommended practice, 
ACI 613-44. He was also a member of 
Committee 612 on Curing and 621 on 
Aggregate Selection, Preparation, Hand- 
ling and Use, as well as chairman of Com- 
mittee 210 on Resistance of Concrete to 
Abrasion and Erosion. His latest ACI 
paper, “Effect of Use of Blended Cements 
and Vinsol Resin-Treated Cements on 
Durability of Concrete,”’ was published 
in the ACI Journat, June 1946, Proc. V. 
42, p. 681. 


William Kellermann was born in Wash- 
ington, D. C., January 3, 1901, graduated 
in civil engineering at the University of 
Maryland in 1926 and received a_pro- 
fessional degree from the same institution 
in 1930, From 1917 to 1920 he worked on 
cement inspection for the U. 8. Bureau of 
Standards, and in 1920 he joined the staff 
of the Public Roads Administration—then 
called the U. 8. Bureau of Public Roads. 
In 1927 he was placed in charge of the 
concrete testing laboratory and with the 
exception of two short intervals had since 
then served continuously with the Public 
Roads Administration. 


Mr. Kellermann was a member of 
A.S.C.E., A.S.T.M., Tau Beta Pi, Phi 
Kappa Phi and Sigma Delta Pi, and made 
numerous contributions to professional 
journals, 
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Committee meetings in Denver 


The morning and afternoon of Monday, 
February 23, have been set aside for 
meetings of ACI technical committees 
wishing to get together at Denver in the 
course of the 44th annual convention. 
The following chairmen have indicated 
their desire for meeting with members 
of their committees: W. H. Price, 210, 
Resistance to Abrasion in Hydraulic 
Structures; Willis T. Moran, 212, Ad- 
mixtures; Harmon SS. Meissner, 609, 
Vibration of Concrete; Walter H. Price, 
613, Recommended Practice for the De- 
sign of Concrete Mixes; G. E. Burnett, 
616, Recommended Practice for the 
Application of Paint to Concrete Sur- 
faces; Mark Morris, 612, Recommended 
Practice for Curing Concrete; R. E. 
Davis, 207, Properties of Mass Concrete. 


It seems probable that there are other 
chairmen who may also wish to meet with 
their committees who have yet to give 
ACI notice of the fact in order to be sure 
to have meeting space available. This 
opportunity of a get-together for further- 
ing committee activities should not be 
overlooked, : 


Committee 210 


In the November News Letter an- 
nouncement was made of the reorganiza- 
tion of Committee 210, Resistance to 
Abrasion in Hydraulic Structures, under 
the chairmanship of Walter H. Price. In 
addition to the new members listed, 
acceptance of committee membership has 
been received from Georg Wiistlund and 
W. T. MeClenahan. 


Erratum—Committee 215 

The November.News Letter, in its 
announcement concerning the new Com- 
mittee 215 on Fatigue of Concrete, er- 
roneously printed Professor Siess’s name 
as Chester A. P. Siess. The “A” should 
have been omitted. 





Local Denver Meeting 


The Denver meeting (September 18, 
1947) I enjoyed—probably because I am a 
new member and for the first time felt 
that I was an integral part of an organiza- 
tion which was not all activated by re- 
mote control. Local membership meet- 
ings need not be frequent, but with speak- 
ers and subjects wisely chosen, let’s have 
more, 

The Journa pointed out that articles, 
comments or suggestions dealing with 
actual ¢oncrete construction might be of 
great interest to many. I wholeheartedly 
agree. The ultimate goal of most engin- 
neers is to be able to point with pride to a 
strong, durable structure in which they 
had a part. In my opinion, the June issue 
of the JourNAL was the best I have seen 
and I should like to see more of them 
along those lines. 

T. R. McCo.iouGcs 
921 South Windemere Rd. 
Littleton, Colo. 


Mass concrete in Tasmania 


I graduated in engineering (civil) from 
the University of Tasmania in January, 
1946. Since then I have been employed 
on the construction of a concrete arch- 
gravity dam at Butlers Gorge on the 
Derwent River. My job is to supervise 
the cooling of the conerete, to inspect 
concrete at the mixers two days a week, 
and to assist with the records of our 
control testing laboratory. 

The dam—crest length 850 ft, maximum 
height 199 ft—is being constructed of mass 
concrete, 3 in. maximum aggregate, with 
a W/C ratio of 0.65, usirtg 430 Ib per cu yd 
of a “modified” cement. Radial contrac- 
tion joints are spaced at 50-ft intervals 
around the upstream face (radius 405 
ft). Cooling coils of % in. piping are 
laid at the bottom of every 5-ft lift and 
river water is pumped through them as 
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required, To control these cooling opera- 
tions concrete temperatures are read with 
resistance thermometers; some sets of 
these are embedded permanently in the 
concrete at various points, but most of 
our temperature readings are obtained 
from loose “thermohms” pushed into 
asbestos-cement pipes which run from the 
downstream face to the center of every 
lift. Contraction joint openings are 
measured by induction-type gapmeters. 

Without cooling, the mean temperature 
rise of a lift reaches a peak of approxi- 
mately 25 F at about 5 days. Diffusivity 
is very low, 0.022 sq ft per hr; heat of 
hydration of cement is 60 calories per g at 
7 days, 75 at 28 days. The avetage in- 
terval between successive lifts is 11 days. 
Papers published in past ACI Journats 
have been of great assistance in planning 
and conducting cooling operations; some 
very interesting comparisons have resulted. 
I am very interested in this side of my 
work and I hope to produce a thesis for an 
M. E. degree based on it. 

A fully automatic batching plant is 
used; the individual weighing hoppers 
and the 2-cu yd tilting mixers are arranged 
concentrically. Regular checks of mois- 
ture in aggregates, W/C ratio and slump 
are made, and aggregate and concrete 
samples are taken from every lift poured. 

P. E. J. Goorpner 
¢/o Hydro-Electric Commission 
Butlers Gorge, Tasmania 
Australia 


Brine vs. Concrete 

I suppose it’s all in the point of view, or 
perhaps it is the reciprocity theorem. 
Your October cover: “Deterioration of 
Brine in Concrete Storage Tanks.” Page 
141: “Deterioration of Concrete in Brine 
Storage Tanks.” | 

Hupnert Woops 

Research Director 
Riverside Cement Co. 
Riverside, California 


Eprror’s Nore: Proofreaders and others 


duly reproved. 
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Honor Roll 


February 1, 1947 to December 1, 1947 





Newlin D. Morgan leads the Honor 
Roll December 1, with credit for 19 new 
members. Robert Blanks is second with 
13 credits. The year’s contest ends 
Jan. 31. 


POG TDAP ORM oc ccc coes 19 
Se er re 13 
Alberto Dovali Jaime............ 12 
| ee 11% 
SI rnb ck ceddc0sccs cones 9 
I oid inc c-gdve wisleie'sioad o's «3 8 
ee ee eee ~s 
i MN. kacg Udied avs ceceses 7 
Newlin D. Morgan Jr. ......... ciZ 
ae 7 
0 eer 7 
Pe eee 7 
Elmo C. Higginson,............... 6 
a ree 6 
ES | rae 6 
0 6 
I oo a od ca senna oa's 66 5 
II: s b.c.c00'b 0% sero eceeds 5 
TR co ceccctvcevecoens 5 
Robert L. Mauchel............ 5 
ee sate ehbane 5 
go a 5 
Lloyd R. Bowman................ 4% 
I Sic. v.p\05 000d .ce'bs sscee 4% 
PEERS re sea 
E. Gonzalez-Rubio................ 4 
James A. MeCarthy...........0.. 4 
ee on nie so baod e's ..4 
I ova vc ics vada ons 4 
Pe Rs BOE oo occ c ce ccccwtsee 3% 
SRS as 600s 640naeaeee es 3% 
Jose Luis Capacete......... eA ca 
Réward B. Bvame..................3 
OTT TTS 3 
Bis We CHOUOUIIOE . 0c ccc evens 3 
po STE eee 3 
Harmon Meissner.................3 
I IG dss ocdccceacccses 3 
Jerome P. Raphael............ a 
Bee ENT a cccaccscvecccces 3 
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CE. MODS .05c oc vn ccc eeserene 3 ee eee eee eee ee 1 
er rr 3 Bt PS Shs cebu bbuek se ses bei 1 
ie ENE, «cs cccceesecds 3 i, es a Fa sis c's bKtMS ct oees 1 
ns.» o60'sos ss henes os an 3 pS Pee ee ee 1 
DEE GOMOOD. 55 occ cc cevecsene ae A Pree eee 1 
cine MIS sg os oes or ee ee 2% Milton Brumer...........0...ce00. 1 
Rs acces bcadbaesnen al ES ee 1 
ge ee Pere eee 2 Gt” Ea Sarge erry bw 1 
Ss o:b'6.0:6-dbald b 4d ne 40 2 Weetls SLAs ob Whi Knew panesce 1 
IR nds oc ance cana ben 2 SOUR CRs bd2 tres oedevedsres 1 
SU ES MEE. oo orc cccedsnnes 2 PU is Ss a ec ccc cetccsdenes 1 
SAMIR, oo 0s cccsvesadesevte 2 Te dy Se Sivccecersécsccses 1 
NS 56.06 0's s0ectesb iu whee 2 Pane TW. GHG. 0 < cei vi ocsdssons 1 
Ee, OE... os ss wbelvi cass 2 pS 6 RE rere papers ee 1 
I 5 Ai sii's sds occ dehhabae 2 Aloysius E, Cooke............+++++: 1 
es on. 5. a reeled 2 , Ee Cas von ss dackaeunas 1 
Cie sscctkeseseccdsvete 2 Bian Ei Cais a on cic vdaieeas 1 
Richard C. Mielenz............... 2 Ne rch visnh oo ctecosseetaen 1 
ne ee 2 Baemser TE. TOW... occ cc cccsscoses 1 
Clarence Rawhouser.............. 2 Robert G. Deltrion.........ccsecece 1 
INS = os an og B06’ o's 60 Oo acd 2 WS A, a baie 6k sav cdn veto 1 
Anton N. Rydland................ 2 SNE Th, Se ks ace esac vevedecvede 1 
ER, wasindesvedbewaes 2 Narciso Esquivel Y................. 1 
OC ee 2 Fae Wis WR cw ncvcndcbetbassy 1 
Emanuel Ben-Zvi................. O56 4 WH nck aie svencdconeves 1 
Ss Ds ons acs necbusscees Se Re ere ry 1 
has es ow aicia'vacdk bebe 1% _ Robert W. Freeman................ 1 
Frederick L. Browne.............. 136 Athol C. Garing.........ccccsccceee 1 
Wilbur H. Chamberlain........... 1% Anthony J. Giardina................ 1 
SIS og 5A oak the sekace es AO Fy ac os bead oss aakenweaker 1 
CN nts ch aadcecovces bieen Be. , REN Ee nin san nknechnatecumn 1 
R. Torres Colondres.............. 1% Emil A. Gramstorff................. 1 
William A. Cordon............... O56 Ka Eh Qs oc vie vee vcncnsscegenst 1 
GRE Te COBTOOE. . ccc ccc cccecs 134 Ernst Gruemwald............csecees 1 
Ee a We OG Te Gey, o's i on ss 0 vbw oben 1 
memeeer Sirtesbnett........cccccc cece” MeO, HEMMER. ....scvcecccdatewes 1 
Donald G. Kretsinger............. SRG Peer Ot. TORO, os ncncncaseeeanan 1 
ons nave catisarnen SR: Ts We Us o ah acesascsentccavan 1 
Oliver H. Millikan................ 1% ___ Luis Gonzalez Hermosillo........... 1 
So eee ae 8 err ere 1 
Douglas E. Parsons...... By ionbdd 1% Lawrence R. Hjorth................ 1 
DES os «006s +tscaaknan oie 1% Edward L. Howard................. 1 
SE Me hice 5 oo0cceee scaesaawe Soe. TEs oc Sec ccastsvandabeat 1 
Mibert K. Abberly...........cccsces 1 Ce I, cans va vekseundeoouie 1 
Jerome O, Ackerman............... 1 oo) ee 1 
Pras ssc 0 assetadewne nite 1 Wry Gy CIOS 6 nis s vas’ een aes 1 
SS 51 scons bekageemae 1 6 REPT Eyre 1 
Tee 1 Pramk H. Jackeom. .....cccsccscvees 1 
Eduardo A. Arnal................0. 1 James H, Jacobson...............05 1 
TTT Te 1 TE eR ete cae 1 
Roland E. Bansemer................ 1 ES PEP Re Tor 1 
MND. ctntteoesceoabucental 1 (Continued on p. 20) 
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There is no record of 
what this distinguished 
company of ACI Members 
is thinking or saying. They 
are not assembled in a 
cemetery. The occasion 
. + « Gn inspection trip on 
November 6, 1947, cour- 
tesy Portland ement 
Association to its experi- 
mental farm near Naper- 
ville, ill., one of the several 
sources of reports shortly 
° to become available on 
; the “Long Time Tests of Cement Performance in Concrete" (see February 1948 Journal). 
i Evidently F. H. Jackson (ACI director and vice og qe nominee, principal engineer 
4 of tests for the Public Roads Administration) and D. S. MacBride, right, (vice president, 
i Hercules Cement Corp.) are talking simultaneously. 
t 








F. V. Reagel, left, 
(former ACI director 
and engineer of ma- 
terials, Missouri State 
Highway Department) 
is contemplative while 
Douglas E. Parsons 
(former ACI president 
and head of the 
National Bureau of 
Standards’ new build- 
ing technology di- 
vision) is seen out of 
character as forcefully 
assertive. 


we gres 
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Pere ae edie 
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Whether Prof. Herbert J. Gilkey, left, (ACI vice president and head of theoretical and 
applied mechanics at lowa State College) is unscrewing the inscrutable, hatching up a 
profundity, or meditating on a quip is a triangular question. Walter H. Price, center, 
materials laboratory head at the Bureau of Reclamation, Denver) has succeeded Robert 
. Blanks as chairman of committee 613 which produced the ACI best seller standards on 
mix design. .... Prof. Charles H. Scholer, right (ACI director and head of applied 
mechanics department at Kansas State College) well known for contributions to durability 
studies, is best characterized by the fact that he is the kind of a man who would (and did) 
write an ACI paper: “Consistent Inconsistencies in the Consistency of Concrete"’. 


W. C. Hanna (active 
California member) con- 
fers with Nathan C. Rock- 
wood, right (ACI Member 
since 1928, and for many 
years editor Rock Products) 
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SIKA CONGRATULATES A.C. 1.— 


A. C. |.'s new progressive policy on advertising will 
keep members posted on néw developments. 

Sika will present answers to your construction problems. 
With Plastiment and Sika compounds, you can protect, 
densify, harden, accelerate or delay set, or change 
other characteristics of cement. 

Write us for complete data and recommendations. 


Visit the Sika Booth at the Denver Convention 


SIKA CHEMICAL CORPORATION 
37 Gregory Avenue 





Passaic, N. J. 





Rudolf Fisch] 
H. E. Frech 
P. J. Freeman 
Frank M. Fucik 
M. F. Goudie 
Edward J. Glennen 
L. E. Grinter 
Bernardo Guerrero 
Toliff R. H 
W. S. Hanna 
Stephen L. Heidrich 
R. G. Hennes 
Eugene J. Herkovic 
A. W. Hicks 
Lester G. High 
Oscar Hoffman 
Myle Holley Jr. 
Leonard C. Hollister 
C. M. Howard 
George A. Hyde 
Robert B. Hyslop 
Joseph L. Johnson 
R. C. Johnson 
Paul A. Jones 
Samuel Judd 
William R. Kahl 
W. G. Kaiser 
H. A. Kammer 
R. R. Kaufman 
Edgar R. Kendall 
Morgan B. Klock 
Wm. J. Krefeld 
Arthur Krueger 
T. R. 8. Kynnersley 
Clarence L. Laude 
Norman Dale Lea 
m. ch 
John E. Lothers 
. A. Luber 
Raul Lucchetti 
H. St. J. R. de Lys- 
Gregson 
M. F. Macnaughton 
Harry K. Makino 
George A. Mansfield 
Bryant Mather 
D. W. McLachlan 
H. H. McLean 
Ernest W. McMullen 
Harry H. Meyer 
. E. Mills 
R, E. Minshall 
Hugh Montgomery 
M. Moorh 
E. E. Morgan 
John R. Morris 
William Morris 
George H. Nelson 
Henry L. Neve 
Wm. D. Nowlin 
Ben E. Nutter 
F, W. Panhorst 
Amand Parent 
William E. B. Parker 





Jerome P. Pasquarelli 
Orin G. Patch 
Robert L. Pelton 
Henry A. Pfisterer 
Robert E. Philleo 
Ernest Pichel 

James A. Polychrone 
Herman G. Protze 
John A. Randall 
Walter F. Rasp 
Carl F. Renz 

Roger Rhoades 

Ross M. Riegel 
Dwight F. Roberts 
D. O. Robinson 
Henry R. Schaefer 
Alphons E. Schmidt 
William D. Schoell 
Herman Schorer 

H. H. Scofield 

E. W. Scripture Jr. 
Julian B. Shand 
—— L. Shelton 

R. R. Sheridan 
Joseph J. Shideler 
E. C. Shuman 
Arthur P. Skaer 
Aubrey B. Sleath 

R. W. Spencer 

G. W. Stokes 

Ernest O. Sweetser 
M. A. Swayze 
Harold 8S. Sweet 
Warren H. Thompson 
T. Thorvaldson 

A. G. Timms 
Manuel A. de Torres 
G. E. Troxell 

Frank Sweeney Tuck 
I. L. Tyler 

Maurice P. Van Buren 
Jose Antonio Vila 
Charles A. Vollick 
Clarence Volp 
James D. Wall 
Donald R. Warren 
Ray V. Warren 
Stewart F. Weikel 
Alexander Weinbaum 
E. C. Wenger 
Arthur J. Widmer 
G. M. Williams 
Walter I. Winner 
Ralph E. Winslow 
George Winter 
Herman C. Witte 
Leslie P. Witte 
Harry C. Witter 
Henry 8S. Witulski 
Robert H. Wood 
Silas H. Woodard 

R. B. Young 

Roy R. Zipprodt 


ACI 10-Year Index 


is just off the presses and is being dis- 
tributed to members this month. The 
index contains synopses and some 4000 
references to papers published in the 
ACI Journa during the 10 years from 
September 1937 to June 1947. Every 
paper has been listed, by title, by author, 
and by topics contained therein; all Job 
Problems and Practice items are listed 
according to indexible subject matter. 

In addition to the index proper, the new 
publication contains synopses of all the 
papers and all the JPP items published 
during the 10-year period, with special 
notations as to the availability and price 
of each paper. Additional copies of the 
index are available to non-members, and 
to members at special rates. See 
announcement in the front of this month’s 
JOURNAL. 


Treatment of icy pavements 

The Highway Research Board in 
November, 1947 published Current Road 
Problems No. 9R (revised edition), ‘“‘Re- 
commended Practice for Treatment of 
Icy Pavements”. Because of its timeli- 
ness, a review prepared by the Highway 
Research Correlation Service, is published 
here. 

“The purpose of these pamphlets is to 
disseminate in practical form the best 
available information on many elements 
of highway technology still in the de- 
velopment stage. These reports are not 
intended to reflect average prevailing 
usage but rather to present and recom- 


. — 
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mend practice based on the best current Convention Story... 


' knowledge. (Contnued from p. 5) 
if “Since the publication of the original year’s awardees; Carl A. Menzel, Treval 
il Wartime Road Problems Bulletin No. 3 C. Powers, Theodore L. Brownyard and 
i in October, 1944, the use of chlorides in Richard J. Willson (see more complete 


abrasives and by direct application has 
Je increased. The principal feature of this 
a; revision is a table giving the correct 
i amounts of chloride to be mixed with 
. abrasives to produce maximum results 
bit when moisture content and temperature 
if are considered. 


announcement elsewhere in these pages), 


Stanton Walker will address the con- 
vention as retiring president. Next, “The 
Bikini Atom Bomb Tests” with motion 
pictures; the speaker, Bradley Dewey, 
President, Dewey and Almy Chemical Co., 
Cambridge, Mass., was witness to the 


‘Information is also given on the follow- 
ing general factors: (1) Materials—(a) 
Calcium Chloride, (b) Sodium Chloride, 
(ec) Sand, (d) Cinders, and (e) Stone 
Screenings; (2) Treatment of Abrasives 
with Dry Chlorides; (3) Chloride Brine 
Spray Methods; (4) Storage of Abrasives; 
(5) Loading of Abrasives; (6) Application 
of Abrasives; (7) Application of Chlorides 
without Abrasives, and (8) Treatment of 
Portland Cement Concrete.” 

Copies of the pamphlet are available 
at 15 cents per copy from the Highway 
Research Board, 2101 Constitution Ave., 


tests as a member of a presidential com- 
mission. 


Wednesday Morning, February 25 
Again at 9:00 a.m., this time Wednesday, 
February 25, there will be the annual open 
session of ACI Committee 115, Research, 
under its new chairman, Stephen J. 
Chamberlin, for several years secretary 
of the committee and now succeeded in 
that office by George W. Washa. This 
convention feature, inaugurated in 1937, 
has been growing strong every year since. 
It differs from other general sessions in 


that no transcript is made and the pro- 
ceedings are confidential. Research work- 


i Washington 25, D. C. 
ft ers will talk shop on material not ready 





PROFESSIONAL CARDS for public utterance. When and if a con- 


tributor to this session is ready for pub- 
lication of his research experiences, re- 
lease will be through the ACI Journat. 
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Knappen Engineering Company 
Consulting Engineers 


Ports, Harbor Works, Flood Control, Hydro-Elec- 
tric Power, Dams, Bridges, Tunnels, Highways, 
Airports, Traffic, Water Supply, Sewerage, 
Foundations, Soil Studies, Investigation, 
Design, Supervision. 

280 Madison Avenue, New York 
Miami, Buenos Aires, Caracas 





L. COFF, Consulting Engineer 
198 Broadway, New York, 7, N. Y. 
Telephone: Cortlandt 7-2753 
PRESTRESSED 
CONCRETE STRUCTURES 


Design, Estimates, 
Construction Methods, Supervision 





To get the meat of this meeting you have 
to be there. 


Wednesday Afternoon, February 25 


At 2:00 p.m. Wednesday, February 25, 
Vice President Robert F. Blanks will 
preside over a session exceedingly varied 
in its subject matter. 


R. W. Spencer, chairman of ACI Commit- 
tee 604, will present that committee’s re- 
port (see December 1947 ACI Journat, 
page 309) on a motion for adoption as an 
ACI Standard) on winter concreting 
methods. A. J. Boase, chairman Com- 


mittee 315 will present “The Detailing 
Manual” for adoption as an ACI Standard. 
Frank H. Jackson and Harold Allen of 
the U. S. Public Roads Administration, 
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will discuss “(Concrete Pavements on the 
German Autobahnen” based on_ their 
personal inspection and data accumulated 
by extensive examination in the summer 
of 1947. 


Raymond E. Davis will present a paper 
done in collaboration with E. Clinton 
Jansen and W. T. Neelands on the ‘‘Res- 


23 


manager of the Cemenstone Corp., Pitts- 
burgh, Pa. will have a paper on ‘“‘Cemen- 


stone Construction” illustrated by a short 
motion picture. 


Wednesday Evening, February 25 


The convention’s final session, 8:00 p.m. 


Wednesday, February 25, is one that may 
well challenge its listeners. The whole 
session was inspired by the chance re- 
reading of an editorial published in En- 
gineering News-Record, February 1, 1923, 
(reprinted in this 345), ' 


toration of Barker Dam’’ by unique con- 
struction methods. This will be followed 
by discussion and motion pictures in 
color by Lawrence B. Card. 


A. C. Grafflin, vice-president and general 


JOURNAL, Pp. 


ba 
“PRECISION” Yuivevsal 


SIEVE SHAKER 


The “Precision” Universal Sieve Shaker 
is a fast and efficient motor-driven ma- 
chine for carrying out size tests of ce- 
ments, highway materials, foundry sands, " 
clays, chemicals, and similar materials 

which must be graded for fineness. 




























In actual test compared with a competi- 
tive machine, the “Precision’’ Univer- 
sal Sieve Shaker completed the usual 


30 minute test in approximately two 
minutes. 


STONE SIEVES AND SCREENS 
As specified by A.S.T.M. 


A.S.T. M. standard methods specify 
various sizes of round hole screens 
for grading materials such as stone, 
broken slag, mixtures of sand or ' 
other fine substances, gravel and 
other materials used in concrete 
highway construction; and square 
hole screens for mechanical analyses 
of concrete aggregates, gypsum, 
calcined gypsum, etc. 


Write for detailed 
literature No. 79-6-6 
Hon ‘Precision’ com- 


plete line of sieves. 


Precision 


wis 


Scientific Company 
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“Some Doubts About Concrete.’’ Waldo 
G. Bowman, editor of both Engineering 
News-Record and Construction Methods, 
accepted ACI’s invitation to re-state as 
the professional heir to Engineering News- 
Record’s editors of 1923 his appraisal of 
things in terms of 1948. He does this 
under the title “Was It Progress and Was 
It Enough?” Other speakers, each one 
on an area of critical appraisal of his own 
choosing, are: P. H. Bates, Roy W. Crum, 
J. C. Pearson, Frank E. Richart and 
Roderick B. Young. Note that each one 
is an ACI past-president having attained 
eminence in one or several knowledge 
areas of the Institute’s field and competent 
to survey the failures and the successes 
of the period under consideration. These 
critical essays may be provocative; lively 
discussion is anticipated. 


Thursday, February 26 
On Thursday, after the adjournment of the 
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formal convention sessions, a day will be 
given to inspection trips. The Denver 
committee plans, in general, and depend- 
ing upon weather conditions (and they 
say you may want an ulster and a muffler 
or you may not want a top coat) there 
will be short or long inspection trips, de- 
tails of which will be announced so that 
you may choose. 


You’d better manage to get to Denver. 
The Denver committee is arranging to 
have many details different from the 
“ordinary” convention. For instance, 
there will be exhibits of commercial equip- 
ment. Entertainment will be provided 
for the ladies who will be present. They 
assure us that aside from the subject 
matter of the convention sessions, which 
is in direct charge of the Technical 
Activities Committee, there will be many 
elements of the Denver experience which 
will make it a notable occasion. 





SYNOPSES of recent ACI Papers and Reports 





Institute pa of this JOURNAL 
Vol. 19 which are currently avail- 
able. Unless otherwise n sepa- 
tate prints are 35 cents each. 
Starred ¥& items are 50 cents, or more 
as indicated. Please order by title 
and title number. 


*BUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE (ACI 
BEEF Recs ccccceccccvescgcosccccces Shak 
Price 50 cents. 
REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 
Supersedes 43-15 
This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used in this manner. 

the subjects covered are: quality of concrete, 
allowable stresses; mixing, placing, curing and cold 
weather protection of concrete, forms, cleaning, bending, 
placing, splicing and protection of reinforcement, con- 
struction joints; general design considerations, fleaural 
computations, shear and diagonal tension; bond a 
anchorage; flat slabs, columns and walls, and footings. 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
a OF A THIN CONCRETE » 
S. D. BURKS——Sept. 1947, pp. 65.76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is offen a cause of cracking. When joints are pro- 


vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Present 
herein is the temperature history of a thin concrete dam, 

sed on results of more than five years of observation. 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


%&CEMENT-AGGREGATE REAC- 
TION IN CONCRETE ............+-- 44-3 


Price 60 cents. 


DUNCAN McCONNELL, RICHARD C. MIELENZ, 
WILLIAM. Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 


fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 


Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
— ere which are susceptible to attack by cement 
alkalies. 


The expansion and cracking of the concrete result from 
osmotic pressures devdiened th alkalic silica gels that are 
produced by partial dissolution of siliceous rock a 
mineral substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 
psi. 
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CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANEL......... 44-4 
BERT A. HALL—Oct.1947, pp 129-140(V. 44) 


Desirability of using portland cement plaster for surfaces 
expos to water spray and condensation impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
nated, and the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCle brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
that there is in general an optimum gypsum content for each 
cement for minimum loss in weight, a different optimum for 
minimum shortening and still a diferent optimum for mini- 
mum warping. The data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was still higher. Forthe other cementsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE...........-+ 44-7 


R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189.199 (V. 44) 

Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached to a 
reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


CHEMICAL TEST FOR REACTIVITY 
OF CONCRETE AGGREGATES 
WITH CEMENT ALKALIES, CHEMI- 





FOR 
Equipment To Make Concrete 
BRICK 
| STANDARD BLOCKS 
| CHIMNEY BLOCKS 
| CESS POOLS 
| SEPTIC TANKS 
| DRAIN TILE 
| WINDOW CURBING 


We make special forms and 
Equipment to specifications. 


We Solicit Your Inquires. 


R. K. TYRA- CORP. 
TYRA-MINN. 


(P.O. FOREST LAKE) 




















CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 


Price 60 cents. 


RICHARD C, MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-2924 (V. 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


ays. 

The test has Indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates of different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 295-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
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joint rotations are determined, moments are calculated by 
sacle, al — sl ® deflection equations. hod 

irectly appli ar pane point eoty other load- 
pad a resolved to a dend int panel point loads. Iilus- 
trated earefions are developed for a six-story bent and an 
unsymmetrically loaded nowt a truss. 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS. ....44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260(V. 44) 


This paper presents the renate hy tests on end-supported, 
reinforced concrete slabs, 3 me * in cross-section, 
which were subjected to bd s for 5 years. The 
variables inci three concrete om two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic flow deflections, changes in the concrete 
rape nes strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic flow prob- 
on, in thin reinforced concrete slabs is forcibly emphasized 
arge increases in one ed and strains that were 
rained overa five-year peri 


ECASTING CONCRETE PIPE FOR 
E SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 
D. K. WOODIN—Nov. 1947, pp. 261-288 (Vol. 44) 


Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Steel cylinder 
and cage type of reinforcement and a combination of the 
two are described. Cement composition and properties 
and mix proportions are tabulated, vibration methods 
handling and storage difficulties, preparation of formsa 
reinforcement, placing of concrete and curing conditions 
are discussed. sis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them 


STRENGTH AND SLIP UNDER 
LOAD x BENT-BAR ANCHOR. 
AGES AND STRAIGHT EMBED. 
MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, a in. in diameter, of bed kinds, one plain 
and two deformed, were em ed in Haydite aggre- 
gate concrete. The | and slip at the pull-out ends 
were observed for bent and straight encnore es of each 
kind of bar. For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages, Differences 
inthe we height and lug-bearing area of the two deformed 
‘. rs affected the relative strength of anchorages containing 
these bars. 


PROPOSED ope ya 

PRACTICE FOR WINTER CON- 

CRETING METH a sees 
wary of COMMITTEE 604—Dec. 1947, pp. 309-328 


This report of Committee 604 propesee standard methods 
of cold-weather concreting for t sections and mass 
concrete. Heating of materials, accelerators and anti- 
jt se curing and temperature records during curing, 
bgrade ( (or base) preparation, protective coverings 
= curing, and form removal are discussed for both 
types of job, nd preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why of some of the recommended practices. Charts 
in the appendix indicate effect of curing temperature on 
page oi strength, and a list of 135 selected references 
a iWerature on winter concreting methods is 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan, 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appeared 
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as an editorial in enginnarion: -News Record, February 1, 
1923, a few days atter the Institute's 19th annual con. 
vention in Cincinnati nearly a quarter century ago. Com. 
ing to light recently in an ACI office scrapbook, it inspired 
a re-appraisal of progress for ACI's 44th annual convention 
February 23-26, 1948. Through the courtesy of Engineer- 
ing-News Record it is republished as the point of de- 
parture for a full session at the 1948 convention in Denver. 


ECONOMY IN STRUCTURAL 
DG ERULLLE pe acekeacaceccoee - 44.15 
1. E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 


High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for Cutting cost, since expensive 

m forms may be eliminated, story heights are decreased 
and pipe and conduit installations are simplified. Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 19-story 500-bed hospital. Five different 
designs (all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
least expensive, with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 
VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. . 44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V. 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple method is described for detecting the 
presence in cinders of the impurities causing stains and 
some classes of pop-outs, and at least two practicable 
methods are presented for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA. ..44-17 
JOHN S, COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for concrete materials in China. Data are pre- 
sented on type, quality and availability of cement, rein- 
forcing steel aa forms. Aggregate sources, handling 
methods and gradation are discuss Data on concrete 
strengths, mixing and placing, labor problems and costs 
are given. Concreting, mortar, masonry work and design 
of the Lung Chi Ho 5 development are described, 
Design and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods. 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war, 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed, 
Illustrations depict many of the almost primitive methods 
which must be cnpleved. 


DESIGN OF RECTANGULAR TIED 
COLUMNS SUBJECT TO BENDING 
WITH STEEL IN ALL FACES........ 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V, 44) 


One of the fastest accurate methods of designing rec- 
tangular tied columns, subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial load and proportioning the column to 
the requirements of the increased axial load. Present 
tabular data confine this procedure to steel in the @ 
faces only. A meth is proposed in this paper which 
permits a rapid design for steel in all faces for any rec- 
tangular section. 


-44-18 
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Model Showing One 
Unit of 340 Ft. Clear 
Span Hangar Now 
Under Construction. 











Complete Design Service and Construction Advice, Research, Structures of 
Non-Conventional Type, Special Problems, Shell Structures for Varied Purposes. 


pa eae ee and SCHAEFER COMPANY. 


ENGINEERS — CONSULTANTS 
307 NORTH MICHIGAN AVENUE CHICAGO 1, ILLINOIS 

















PALLETS 


Atlast! GIBRALTAR DUPLEX — 
The heat treated Aluminum Alloy 
Pallet that blocks plants waited for. 


* Interchangeable with pressed steel and cast iron 





pallets, 

* Accurately tructed of the strongest Aluminum- 
baagnesion- Co ~~ Alloy by the Gravity Die 
Casting Meth 








* GIBRALTAR DUPLEX means two pallets in one— 
Either the popular Mortar Groove block or plain 
blocks may be made on the same pallet, 


* PROMPT deliveries are made on pallets in over 200 
shapes and sizes. 


* Deposit not required with orders of rated concern 
just mail simple drawing or sketch of pallet neoten 
and order will be shipped within 1 to 10 days, 5% 
Discount allowed for cash with order. 


* CORES—Oval or rectangular Alumi cores for 
modernizing old hi ate available for im- 
mediate delivery at $45.00. 


* WRITE TODAY for ovr 1948 Copaton and price list 


. Pallets, Machinery, Tools and Building Special- 
ties, 


FLORIDA DIE CASTING FOUNDRY 
P. 0. Box 1589, ORLANDO, FLA, Phone 2-1838 
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At 
A Cross Section of Kalman Floor Topping, 
- Showing Uniform Distribution of Aggregate and Density 
| 
q ; THE KALMAN FLOOR—A GRANOLITHIC CEMENT FINISH | 
Vy FLOOR TOPPING. Laid by the Kalman Floor Company using the | 
a; KALMAN ABSORPTION PROCESS. 
i j The Kalman Floor Company has for 28 years pioneered and specialized 
in the development and installation of Granolithic Cement Finish Floor 





Topping and has during this period maintained continuous leadership 
in the field through scientific research and experiments. 


> >. wa 


KALMAN FLOOR COMPANY 


INCORPORATED 
110 EAST 42ND ST. NEW YORK 17, N. Y. 
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FLOOR 


CEMENT-FINISH 


The Kalman Absorption Process 

















A practical method of installing on a commercial basis a theoretically 
correct low-water concrete topping. This method, combined with the 
skill and knowledge of the men doing the work and subjecting all materials 
to Laboratory test for analysis, gradation and soundness, plus a con- 
stantly growing skilled personnel and improvement in equipment has 
consistently produced a uniformly hard wear-resisting floor, free from 
disintegration and dusting and of a maximum density, evenness of texture 
and unexcelled durability. 


Adaptability 





Over 200,000,000 Sq. Ft. of Kalman Floors have been installed through- 
out the United States in practically every type of Industrial, Warehousing, 
Institutional, Commercial and School buildings and is readily adaptable. 


(For further information, see Sweet's Architectural Catalog. A. |. A. 
File No. 41 3.) 


OFFICES: 
NEW YORK CHICAGO BOSTON 
LOS ANGELES PHILADELPHIA CHARLOTTE 
SEATTLE CLEVELAND DAYTON 
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ARE YOUR FORM COSTS HIGH? 
Save... with UNI-FORMS 


=f aI 


ay " , 
sat L ' “ik 


Window bones 


nailed directly 
to forms Projecting Ties 
ready te re- 
coive closure 
forms 
Reintercing 
Ancher sitet steal is easily 
Ce ee Ts ploced 


to formes 





ERECTED, LINED Stock length 
liner materials 


AND BRACED ne cutting 


required 







ONLY THE UNIFORM SYSTEM HAS 

ALL THESE ADVANTAGES; 

* Structural strength of a steel form PLUS a 
much desired nailing surface. 

* Faster erection easier stripping because 
UNIFORM Ties quickly and easily tie and 
lock UNIFORMS into a tight, rigid form. 

* Requires one side alignment and bracing 
saves 25 to 50°, time, U and money. 

* One side of the form is erected box-outs 
window boxes, conduit, ducts, etc., nailed 
directly to the panels. . 

* Special forming requirements brick ledges 
pilasters, offsets, etc,, are avickly and 

easily handled without ’ ‘special’ materials. 

* The lowest material and labor cost of any 

other method of forming for concrete 

construction, 


UNIVERSAL 
FORM CLAMP 


Company 
Concrete Form Specialists for 36 Years 
Founded 1912 


1246 N. Kostner + ChicagoS! The UNI-FORM System of Wall Form Construction 
is saving building time and costs on 
every type of concrete construction: 


HOUSING * SCHOOLS * HOSPITALS * FACTORIES 
THEATRES * STADIA * SEWER & WATER SYSTEMS 
TREATMENT AND DISPOSAL PLANTS 





ALIGNMENT 
AND BRACING 
REQUIRED ON 
1 SIDE ONLY! 













Concrete Forms © Form Ties © Brick Ties ® Reinforcing Steel Supports and Building Specialties 
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ANNOUNCING the first basic improve- 
ment in finishing machines in 31 years 


Jaeger DIAGONAL Screed Finisher 


After 18 months of job-tests in 
various states, The Jaeger Machine 
Company now offers the mass-pro- 
duction, precision finisher needed 
behind today’s mass-production dual 
drum pavers. 


The front screed is traverse; the rear 
screed diagonal, pivoted to swing 
easily in either direction and operate 
at whatever angle best suits the work. 
The use of the diagonal screed 
results in these 6 advantages: 


1: Produces a more accurate surface than is possible with any 


transverse finisher. 


2: Carries material uphill on pitched slab and super-elevated 
curves and works it solidly against the upper form. 


3: Eliminates all or most of ‘‘carry-back"’, saving one to two 


shovelers on every job. 


4: Reduces the hand work and equipment needed behind the 


finisher. 


5: Finishes harsh, dry concrete faster without tearing and with 


fewer passes as a result. 


6: Provides finishing capacity to handle the maximum production 
of the largest dual-drum pavers. 


31 





Complete description of the Jaeger Type X Diagonal Screed Finisher is given in 
Specification FX-8. Write our nearest office for a copy. 


THE JAEGER MACHINE COMPANY, Columbus 16, Ohio 


1504 Widener Bidg. 
Philadelphia 7, Pa. 


REGIONAL 
OFFICES: 


226 N. La Salle St. 
Chicago 1, Ill, 


Birmingham 1, Ala, 


AIR COMPRESSORS @ PUMPS @ MIXERS @ TRUCK MIXERS ® HOISTS 
CONCRETE SPREADERS ® BITUMINOUS PAVERS 


235 American Life Bidg. 
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i ee ° ° 
i The Original Lightweight Aggregate 
v 
i For Concrete That Is 
as ° 1. Light in weight 
4 2. Adequate Compressive Strength 
a 3. Highly resistant to freezing and thawing 
b, 4. Durable—Chemically inert 
"We 5. Low Thermal Conductivity 
qt 6. Unusual Acoustical Properties 
i 7. Fire Resistant—Suitable for Temperatures of 1800 F. 
it and over, when used with Lumnite Cement 
F f For complete details write your nearest producer listed below 
\ JOHN H. BLACK COMPANY HYDRAULIC-PRESS BRICK COMPANY 
+e 505 Delaware Avenue Central National Bank Building 
‘a3 Buffalo, New York St. Louis, Missouri 
THE CARTER-WATERS CORPORATION HYDRAULIC-PRESS BRICK COMPANY 
2440 Pennway — 


Kansas City, Missouri THE McNEAR COMPANY 


San Rafael, California 


oe heh Ole Be Tare 
3 


ss 


THE COOKSVILLE COMPANY LTD. 
46 Bloor St. W. WESTERN BRICK COMPANY 
Toronto, Ontario, Canada Danville, Ilinois 
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BLAW-KNOX HAS THE ANSWERS 
TO FASTER CONSTRUCTION 
AND BETTER QUALITY 


4 


STREET 


paVING SPRE ave 


FORMS 


as FOR RO 


TRUCK MIXER 
LOADING PLANTS 





s 
pRECISION SUBG 





The unbeatable combination of correct de- 
sign, rugged construction and assured per- 
formance has made Blaw-Knox equipment 
first choice of construction men who have a 
reputation for getting things done in a hurry. 
. . . You'll find this trouble-free equipment 
hard at work building roads, airports and 
general concrete construction all over the 
world. 
BLAW-KNOX DIVISION 
OF BLAW-KNOX Co. 
Farmers Bank Bldg., Pittsburgh 22, Pa. 


Representatives in principal cities 
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Bulletin FK-20 contains 24 pages describing and illustrating Fuller- 
Kinyon Conveying Systems for the handling of bulk cement. It shows 
how they are applied in ready-mix concrete and concrete products 
plants; how contractors use them on road building, lock and dam 
construction. 


If you are interested in clean, economical and efficient handling 
of bulk Portland cement, write for Bulletin FK-20, Bulk Cement 
Conveying with Fuller-Kinyon Systems. 


Whenever you have occasion to convey dry pulverized materials, 
get in touch with us. We will be glad to furnish estimates and layouts 
without any obligation. 

P 


FULLER COMPANY. CATASAUQUA, PA. 


Chicago 3 - 120 So. LaSalle St. 
San Francisco 4 - 420 Chancery Bidg. 






HOW TO CONVEY 
BULK PORTLAND CEMENT 
ECONOMICALLY AND EFFICIENTLY 


94 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers in the ACI 10-Year Index (names 


in capitals) and in the Sixth Technical Progress Section"of the Feb- 
ruary 1947 ACI JOURNAL. 
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Feb. Index 
1947 page 
Concrete Products Plant Equipment 
Besser Manufacturing Co., 902 46th St., Alpena, Mich...............5. 735 
—Concrete products plant equipment 
FLORIDA DIE CASTING FOUNDRY, Orlando, Fla.............ccceceeeecee 83 
—Aluminum alloy pallets 
Stearns Manufacturing Co., Inc., Adrian, Mich..............220eeeeeee 725 
—Vibration and tamp type block machines, mixers and skip loaders 
eens Games, Homer Cite, Big ous cicccncetcsetescuodicssccees 776 
—Concrete vibrators, block and brick machine vibrators 
TYRA CORP., R. K., Tyra, Minn. (P. O. Forest Lake).............ccceceeeeee 77 


—Brick & block machines, mixers, and forms 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa.786-7 
—Truck mixer loading and bulk cement plants, road machinery, 
buckets, and steel forms 


rr ee CM ck sae ecneabeneekenesecan 737... 


—Mixing plants, cement handling equipment 

CHAIN BELT CO. OF MILWAUKEE, Milwaukee, Wis............ 762-3.. 
—Mixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y......... 772 


—Concrete vibrator equipment 


Construction Machinery Companies, Waterloo, lowa...............065 745 
—Batching and placing equipment, Jetcrete gun 


Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


CCE Cc. [2.5.0 els seks peux es Seta aebeewuetatacaanenl 759 
—Hauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, Mich................05 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio..............-000005 754 
—Finishing and joint installing machines 

ee en I  . .. occcnvenendehevasewasdaskectnis ee 
—Equipment for unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio............ccceeeeeees 768-9 


—Pavement tension dowels, expansion joint beams 


IRVINGTON FORM & TANK CO., 43 Cedar St., New York 5, N. Y 


—Forms for all types of poured concrete 


Jaeger Machine Co., The, Columbus, Ohio.............. cece eee eeee 738-9 
—Concrete Paving Equipment 
Johnson Co., The C. S., Champaign, Illinois........... cece ceccceees 761 


—Automatic mixing plants 


95 


81 


71 
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KELLY ELECTRIC MACHINE COMPANY, 287 Hinman Ave., 


ee ee ae S5o re sa dbbe besa oc oss oenche secs 742-3.... 91 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois........... 748 
—Concrete vibrators 

Bremen wemmeene CO... Darden 4, Ohid... 00... ccc ccc ccc ccccccccccses 722-3 
—Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa..............-..005. 788 


—Crushing plants 


PIONEER ENGINEERING WORKS, 1507 Central Ave., 
ee eee TS ae Se SS besa diwsebiectbecdoes 70 
—Conveyors 


Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., 
ee Ce lee La cee esanebs eee sn eenintescees 771 
—Form tying devices 


UNIVERSAL FORM CLAMP CO., 1238 N. Kostner, Inside 
Neen eds a pga odd dae coense 744 front 
—Forms, form ties, forms systems, bar supports cover 


Viber Co., 726 So. Flower St., Burbank, Calif.................02008, 752-3 
—Concrete vibrators 


Worthington Pump and Machinery Corporation, Holyoke, Mass......... 770 
—Paving Mixers 


Contractors, Engineers and Special Services 


AMERICAN CONCRETE INSTITUTE, New Center Bidg., Inside 
ES Laie scckaekickdsecascetosesvans 792, 794-5 — back 
—Publications about concrete cover 

BORSARI TANK CORP., OF AMERICA, 25 Broad St., 
ee a aes waiees eke Ooecccssnees 749.... 74 


—Designers and builders of concrete tank installations 


COFF, L., CONSULTING ENGINEER, 198 Broadway, 
a is ccs ceacaeeacnben ss ens PS Poy Se yt 
—Prestressed concrete design 


GARDNER & HOWE, 76 Porter Bldg:, Memphis, Tenn..............22-00005 79 
—Structural Engineers 


Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass............ 746-7 
—Grid system of concrete construction 


INERTOL CO., INC., 470 Frelinghuysen Ave., Newark 5, N. J............05- 77 


—Specialists in manufacturing and surface coatings 


JACKSON & MORELAND, 371 St. James St., Boston 16, Mass.............05 79 
—Engineers, consultants 


Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y.......... 728-9 
—Floor finishing methods 


PREPAKT CONCRETE CO., THE, and Intrusion-Prepakt, Inc., 
Union Commerce Bldg., Cleveland 14, Ohio.............-. 000 eee 731-4.. 72, 73 
—Pressure filled concrete 


RANDALL AND SONS, FRANK A., 205 W. Wacker Drive, 
SNe ede ec sate nb 6s neenherdevescrereceoccess 79 
—Buildings and foundations 


RAYMOND CONCRETE PILE CO., 140 Cedar St., New York 6, N.Y.. 730.... 87 
—Pile foundations 


ROBERTS AND SCHAEFER CO., 307 No. Michigan Ave., 
ee eee See C CEREALS Choo obi dace cccacnnceeecsves 7 :. 
—Thin-shell, reinforced, concrete design 
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SAXE, WILLIAR & ROBERTSON, 130 W. Hamilton St., 
Baltimore DT so Powe's 50s 0h 0546554 WOE boo 7 Hoan Vebils poie ee eens Pa 79 
—Engineers- consultants 

SMIDTH & CO., F. L., 11 West 42nd St., New York 18, N. Y. .............5. 97 
—Cement making factories and machinery 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa........... 766-7 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark, N.J...790-1 
—Waterproofing 

Calcium Chloride Assn., The, 1028 Connecticut Ave., N. W. 
ME ee 5 St cs actus tie oe sates so Rak sees Meee bees ears 785 
—Calcium chloride 

DEWEY AND ALMY CHEMICAL CO., Cambridge 40, Mass......764-5.... 89 
—Aiir-entraining and plasticising agents 

Haydite Manufacturers, Buffalo; Kansas City; Toronto; St. Louis; 
South Park, Ohio; San Rafael, Calif; Danville, Illinois............... 741 
—Lightweight aggregate 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif.......... 774-5 
—Curing Compounds 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois.......... 724 
—Reinforcing bars 

Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y.......... 726-7 
—Cements and cement performance data 

Master Builders Co., The, Cleveland, Ohio; Toronto, Ont............ 777-84 
—A\ir entrainment t and cement dispersion 

PERMAFLEX PRODUCTS CO., 1840 N. Front St., Philadelphia 22, Pa.......... 3 
—Flexible concrete for floor resurfacing 

RAIL STEEL BAR ASSOCIATION, 38 S. Dearborn St., 
SA MNO toss ah akatsotikitercka pokes Cas aae saith ole T9s8.0. OS 
—Concrete reinforcing bars 

SIKA CHEMICAL CORP., 37 Gregory Ave., Passaic, N. J..........750-1.... 69 
—Waterproofings and densifier 

Techkote Company, 821 W. Manchester Ave., Inglewood, Calif........ 760 

oncrete curing compounds 

United States Rubber Co., Rockefeller Center, New York 20, N. Y...... 758 
—Form lining 

WEBRIB STEEL CORP., 120 Broadway, New York 5, N. Y........... Outside 
—Concrete reinforcing bars back cover 

Testing Equipment 

Baldwin Locomotive Works, Philadelphia 42, Pa..............000eceee 721 
—Testing equipment 

CONCRETE SPECIALTIES CO., Coulee Dam, Wash................. 789.... 70 


+-Entrained air meters, portable testing machines, and sulphur 
capping outfits 


Gilson Screen Company., P. O. Box 186, Mercer, Pa...............55- 755 
—Mechanical testing screens 





; . 
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le Popular ACI Special Publications and Compilations 

: Proposed Manual of Standard Practice for Detailing Reinforced 

| Concrete Structures (1946) 

i Reported by ACI Committee 315-Detailing Reinforced Concrete Structures, A. J. Boase 
e Chairman. The book is a large format, bound to lie flat, and presents typical engineering and 


placing drawings with discussion calling attention to important considerations in designing 
¥ practice. It was prepared to simplify, speed and effect standardization in detailing. Price $3.00, 
th to ACI Members $1.75. 


ACI Standards (1946) 


ie 180 pages, 6 x 9, reprinting in one book, ACI current standards as listed on p. 64 but includ- 
La ing the 1941 “Code”. Price $2.00; to AC Members $1.25. (Pending release of a new book 

, of standards, this book plus the revised “Code” (ACI 318-47) in a separate cover are available 
at the price of the book alone) 


| 1 Air Entrerinment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by H. 
F. Gonnerman, Tests of Concretes Containing Air-Entraining Portland Roseues or Ait-Entraining 
Materials Added to Batch at Mixer’; and 61 pages of the contributions of 15 participants in a 
1944 ACI convention symposium "Conensies ro rk Air-Entraining Agents", reprinted (in 
special covers) from the ACI JOURNAL for June 1944. Price $1.25; to ACI Members 75 cents. 


Air Entrainment in Concrete—Book 2 (1947) 


A 204-page compilation of information on air entrainment published after Book 1 (1944), 
including “Field Use of Cement Containing Vinsol Resin", and “Laboratory Studies of Concrete 
Containing Air-Entraining Admixtures” by C. E. Wuerpel; “Entrained Air in Concrete’, a fore- 
word and 14 short papers Seg Tam at the 1946 convention; and discussion of the symposium, 
reprinted from ACI JOUR ALS for Sept. 1945, Feb., June and Dec. Part 2,1946. Price $2.25; 
to ACI Members $1.50. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611—Inspection of Concrete. 
It sets up what good practice requires of concrete inspectors and a background of information on 
the “why” of such good practice. Price $1.00; to ACI Members 75 cents. 


The Joint Committee Report (June 1940) 


The Report of Joint Committee on Standard Specifications for Concrete and Reinforced Con- 
crete, submitting ‘Recommended Practice and Standard Specifications for Concrete and Reinforced 
‘ Concrete", represents the ten-year work of the third Joint Committee, consisting of affiliated 
1) committees of the American Concrete Institute, American Institute of Architects, American Rail- 
ni way Engineering Association, American Society of Civil Engineers, American Society for Testing 
Materials, and Portland Cement Ass’n. Published June 15, 1940; 140 pages. Price $1.50; to 
ACI Members $1.00. 
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i Reinforced Concrete Design Handbook (December 1939) 
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jectives of the committee has been to prepare tables covering as large a range of unit stresses as 
may be met in general practice. A second and equally important aim has been to reduce the 


be design of members under combined bending and axial load to the same my form as is used in 
#4 the solution of common flexural problems.” 132 pages. Price $2.00; to ACI Members $1.00. 
4 Concrete Primer (February 1928) 
: 1" Prepared for ACI by F. R. McMillan, it had five separate prints by the Institute alone (fotalling 


‘ nearly 70,000 copies). By special arrangement it has been translated and published abroad in 
t many different languages. It is still going strong. In the foreword the author said: “This primer 
+ is an attempt to develop in simple terms the principles governing concrete mixtures and to show how 
. i a knowledge of these principles and of the properties of cement can be applied to the production 
of permanent structures in concrete." 46 pages; 25 cents (cheaper in quantity). 
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Prevention of Dampness in Basements* 


By CYRUS C. FISHBURNT 


Member American Concrete Institute 


SYNOPSIS 


The selection of appropriate measures for securing a dry basement 
depends upon a consideration of the external conditions at the site. 
Basements may be located in well-drained or in saturated soil and 
meteorological conditions may be conducive to condensation within 
them. 


The drainage of surface and sub-surface water away from a basement 
is important where this is possible. Methods of constructing the walls 
and floors of new basements to prevent seepage and condensation are de- 
scribed. Simple tests for determining the causes of dampness in exist- 
ing basements are given and remedial treatments against dampness 
in them are outlined. 


I. INTRODUCTION 


Appropriate measures for the prevention of dampness in a new base- 
ment cannot be selected without consideration of the external con- 
ditions to which the basement will be exposed. Information regarding 
the ground water level at the site may be estimated from topographical 
features and may often be obtained from the builders or owners of nearby 
structures. The probability of condensation in the basement may be 
judged by the prevalence of condensation in other basements in the 
general locality. 


ll. CONSTRUCTION OF DRY BASEMENTS 
A. Drainage of water 
The walls and floors of basements located in drained soil (above the 
ground water table) are often in contact with water during prolonged 
rainy periods or spring thaws. If adequate provision is made for drain- 


*Received by the Institute Oct. 30, 1947. 
tMaterials Engineer, National Bureau of Standards, Washington, D. C; 
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ing surface and sub-surface water away from a basement the duration 
of its exposure to water is limited and leakage through permeable 
walls and floors is thereby greatly reduced. Even though a basement 
is designed to be water-tight, the insurance against leakage given by 
drainage is sufficiently important to warrant the installation of drainage 
facilities, wherever possible. 


Surface drainage 

Surface water flowing toward a basement may be diverted from it 
by sloping the ground surface down and away from the walls. A slope 
of 14 in. per ft for a distance of 8 or 10 feet from the walls is usually 
sufficient for this purpose, but in some cases a greater slope may be 
required. 

The permeation of water into the ground near a basement may be 
reduced by grading the surface so as to prevent the ponding of rain 
water and by paving or sodding the sloping surfaces near the walls. 
Rain water from gutters and down spouts should not be permitted to 
enter the ground next to the walls but should be carried away by drains 
or splash blocks. The practice of carrying the water from down spouts 
through vertical drains to a sub-surface drain laid around the wall 
footings may not give positive protection against backing up of the 
water flowing from the roof unless the sub-surface drain is of adequate 
size and well constructed. 


Sub-surface drainage 


Water may be prevented from remaining in contact with basement 
walls and floors for long periods by installing a burned clay or concrete 
tile drain around the wall footings. 


The tile should be laid with open joints to a gentle, even slope leading 
to a storm sewer or other outlet that must be open at all times. The 
inside diameter of the drain tile should be 6 inches. Pipe or drain tile 
fittings may be used to carry the drain around the corners of the footings. 
The joints between the tile should be open about \% in. and covered 
with wire mesh, building paper, or burlap to prevent the entrance of 
soil or dirt into the drain during the backfilling of the excavated soil. 
The drain should be covered by a permeable fill as shown in Fig. 1 (a). 
The fill, consisting of gravel or crushed stone of 4% to 1%-in. aggregate 
size, should .be carried up the face of the wall to within about 1 ft of 
the ground surface. Its thickness, normal to the wall, may be about 
12 inches. 


Where drainage is not, or can not be, provided and where the ground 
water level rises above the basement floor level for short periods, the 
water leaking through permeable masonry may be removed from a 
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basement the by use of a sump and a pump. Some pumps are equipped 
with automatic float controls which limit the depth of water in the pit. 
In general, the simple constructions described under ‘water-resistant 
basements in drained soil’ are likely to afford sufficient protection 
against leakage without the use of a pump. Where the ground water 
remains for long periods in contact with the walls and floor, a more 
elaborate construction such as described under “water-resistant base- 
ments in saturated soil’”’ is needed. 
B. Water-resistant basements in drained soil 

Water may seep into a basement through the pores in the masonry 
or through cracks or other openings larger than the pore spaces. In 
this paper, seepage through the pore spaces is called capillary pene- 
tration or capillarity; the more rapid flow or seepage through openings 
larger than the pore spaces is called leakage. Moisture, in the form of 
water vapor, entering a basement from the outside air is not classed as 
seepage moisture although, as discussed elsewhere in this paper, the 
vapor may produce dampness or condensation moisture in a basement. 

The prevention of leakage into a basement is of much greater im- 
portance than is the prevention of capillary penetration and the capillary 
penetration of water is often considered to be unimportant, provided 
that the moisture is readily evaporated. However, if a basement is to 
be used as living quarters or for the storage of things that may be 
damaged by moisture, neither the walls nor the floor should be placed 
in direct contact with damp soil unless a barrier against capillary pene- 
tration is used. 


Concrete floors 

Excellent protection against capillary penetration is given by a layer 
of 35-lb smooth-surfaced, asphalt roll-roofing, placed over a base course 
as shown in Fig. 1 (a) and 1 (b). If the joints between the sheets are 
lapped and cemented with mastic, the roofing will also provide an 
effective barrier against water vapor. Where the base course is built 
of hollow units or is topped with a thin, smooth-surfaced layer of grout, 
a hot-applied coating of coal-tar pitch or asphalt (applied with or with- 
out a layer of building paper) may be substituted for the roll roofing. 

The slab should be laid in a single operation, without construction 
joints, and should be at least 4 in. thick to provide proper strength and 
rigidity against cracking. The pitch joint between the wall and the 
floor [Fig. 1 (a)] gives protection against leakage which may otherwise 
result from a temporary rise in the ground-water level. A water-repel- 
lent admixture, added to the concrete in the slab or to the floor-topping 
material placed over the slab, may be substituted for the roll roofing or 
the hot-applied bituminous coating and will give some protection against 
the capillary rise of moisture from the ground. Concrete containing 
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a water repellent is not a vapor barrier as is the roll roofing, laid with 
lapped and cemented joints. The most widely used and effective of the 
integral waterproofings or water repellents are the metallic soaps, such 
as calcium or ammonium stearate. The “water-proof’’ portland cements 
contain a water repellent. 


Monolithic concrete walls 

Basement walls of monolithic concrete should be at least 8 in. thick 
and carefully constructed of well-graded, workable concrete. Form 
ties of an internal disconnecting type, whose entrance holes can be 
sealed after removing the forms, are preferred to the tie wires commonly 
used, which are frequently left exposed to corrode in the concrete. 
The concrete should be placed in horizontal layers in a continuous 
operation, without construction joints. If the top of the wall cannot 
be reached in a single operation the construction joint should be hori- 
zontal and the following procedure followed. Before resuming concreting 
at a construction joint, the top surface of the wall should be cleaned 
of loose and soft material so as to expose the aggregate. The cleaned 
surface should be dampened and covered thinly with a 1:2 mix of cement- 
sand grout, followed at once with the next layer of concrete. The 
finished concrete should be kept moist for at least 7 days. 


Masonry-unit walls 

Basement walls of masonry units should be at least 12 in. thick and 
should be built by workmen experienced in the construction of water- 
tight masonry. ‘The mortar should contain 1:14:3 parts by volume of 
portland cement, hydrated lime, and loose damp sand or, if made of 
other materials, should be of an equivalent strength. Some information 
on the construction of watertight masonry walls, is contained in National 
Bureau of Standards Building Materials and Structures Reports BMS82, 
“Water Permeability of Walls Built of Masonry Units,” and BMS94, 
“Water Permeability and Weathering Resistance of Stucco-Faced, 
Gunite-Faced, and ‘Knap’ Concrete Unit Walls.’’* 

Two %-in. thick coats of cement mortar should be plastered to the 
outside of brick masonry walls. They are especially necessary for the 
prevention of leakage through walls of hollow concrete units or structural 
clay tile. 

Directions for the application, and general information on the effec- 
tiveness, as waterproofings, of cement mortar and other coatings on 
the outside of masonry walls are given below. 

Exterior treatments for walls 

Cement-mortar coatings—Two mortar coats, illustrated in Fig. 1 (a) 

~ *Copies of BMSS82 and 94 may be purchased from the Superintendent of Documents, Government 


Printing Office, Washington, D. C., for 20 and 10 cents each, respectively. They describe the construction 
and testing of masonry walls subjected to conditions simulating wind-driven rain. 









SS SE SS SRS tH 









426 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1948 


will effectively seal large openings in masonry-unit walls and will retard 
the capillary penetration of water, particularly if an integral water 
repellent is used in the outer or finish coat. 

The masonry-unit wall should be cleaned of dirt and soil and thoroughly 
wetted until nearly saturated with water. While in a damp condition. 
but without water showing on the surface, the wall should be scrubbed 
with a mixture of portland cement and water having the consistency 
of thick cream. Before this grout has set and while it is still wet, the 
first 34-in. trowel coat of a mortar should be applied. Before the first 
coat has hardened, it should be scratched with a coarse brush or other 
tool to provide a rough surface to which the second coat can be bonded. 
The second coat is usually applied the following day, and after dampening 
the scratch coat. The mortar should be a mixture of one part of port- 
land cement to 2 or 3 parts of sand. The coatings should be kept damp 
for at least 3 days; if a bituminous coating, described later, is not to be 
used over the mortar, the mortar coatings should be kept damp until the 
backfill is placed. 

Cement-grout coatings—Two, and preferably three, brush coats of a 
cement-sand grout may be used as an alternate for cement-mortar 
coatings on masonry-unit walls, but they are much less effective as 
waterproofings than the mortar coats. 

The grout should have the consistency of thick cream and should 
contain about equal parts of cement and sand passing a number 30 
seive. After cleaning and thoroughly wetting the walls, the first coat 
should be scrubbed into the masonry surface with a stiff fiber brush, 
such as a scrub brush. The second and third coats may be applied on 
successive days and the coatings should be kept wet for at least 3 days. 

Coatings containing powdered tron—Many contractors prefer to use 
brushed-on or plaster coatings containing powdered iron and an oxidiz- 
ing agent mixed either with or without the addition of portland cement, 
or portland cement and sand. Such treatments are known to be effective 
when applied to the outside of masonry walls. However, they may be 


little, if any, more effective than similarly applied coatings prepared 


with portland cement and sand without the iron. The directions for 
applying waterproofings containing powdered iron are usually provided 
by the manufacturers. Some of the “iron” waterproofings recommended 
for brush application are not highly workable and are difficult to apply 
as directed. 

Bituminous coatings—Applications of hot coal-tar pitch or asphalt ap- 
plied so as to form a continuous coating on the outside of basement walls 
give excellent protection against leakage and, where protection against 
capillary penetration is desirable, the bituminous coatings should be used 
on the outside of either masonry-unit or monolithic concrete walls. Since 
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these waterproofings require a smooth surface for their proper applica- 
tion it is recommended that walls of masonry units be plastered with two 
coats of a cement mortar, as previously described, before the bituminous 
coating is applied. 


Cold-applied trowel coatings of asphalt emulsions and of plastic 
cements containing coal tar or asphalt with an organic solvent are 
second in effectiveness to the hot-applied coatings. Brush-applied 
coatings of asphalt emulsions or of mineral-filled cut-backs do not give 
positive protection against leakage and are used principally to mini- 
mize capillary penetration. Some asphalt emulsions have been known 
to give little protection against water penetration when used on the 
outside of permeable masonry-unit walls. With the possible exception 
of the asphalt emulsions, both the hot- and cold-applied materials re- 
quire a priming coat of a suitable bituminous primer* before their 
application. The priming coat should be dry before the bituminous 
waterproofing is applied. 

The comparative effectiveness against the penetration of water 
through leakage, capillary penetration, and the penetration of water 
vapor for the wall constructions and the wall coatings that have been 
described and that are located in drained soil are summarized in Table 1. 


TABLE 1—COMPARATIVE EFFECTIVENESS OF WALL COATINGS 





Probable resistance to: 
Kind of wall or exterior coating & —p— 








| capillary | water 
| leakage |penetration| vapor 
8-in. monolithic concrete wall.......... ee G s 
12-in. brick masonry wall................... G to P y* 'g 
12-in. concrete masonry wall................ 4 5 - 
12-in. structural clay tile wall............... Ps P P 
Two %%-in. mortar coats.................... G Pp 
Two grout coats (brushed on)............ .. | eta P P 
Asphalt or coal-tar pitch, applied hot....... G G G 
Trowel coatings of bitumen with 
organic solvent, applied cold........... G G to F G to F 
Brush applied bituminous cutbacks. . . . F F 
Brush applied asphalt emulsions. . . | FtoP F to P F to P 





“Some tile walls built of special units may be rated as F. 
The ratings of “Good” (G), ‘Fair’ (F), and ‘‘Poor’’ (P), are arbitrary. 
“Good” (G) implies a high resistance to penetration 
“Fair” (F) implies a satisfactory performance under average exposure 


conditions or where a slight penetration may not be 
objectionable. 


“Poor” (P) implies an unsatisfactory resistance to penetration. 


*The designation of standard specifications of the American Society for Testing Materials for primers 


ad bituminous waterproofings are: Asphalt Primer D-41-41; Creosote Primer (for coal-tar waterproofings) 
43-41. 
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C. Water-resistant basements in saturated soil. 

Basement walls and floors of reinforced concrete and mortar-faced 
basement walls of masonry-units have been known to give satisfactory 
resistance to leakage even though located in water-bearing soil. The 
watertightness of such basements is dependent upon the proper pro- 
portioning of the concrete and on the workmanship and care taken in 
constructing the walls and floors. The water repellents such as stearates, 
which are sometimes mixed with concrete or mortar, tend to reduce 
capillarity but they do not entirely prevent the capillary movement of 
water or the passage of water vapor in the concrete. 

The most effective and dependable protection against leakage into 
basements located in saturated soil is the bituminous membrane. If 
made continuous within the floor structure and on the outside of the 
wall as shown in Fig. 2, the membrane is effective against water under 
a continuing pressure. It also prevents the capillary penetration of 
water and the passage of water vapor. 


The bituminous membrane consists of three or more alternate layers 
of hot asphalt or coal-tar pitch and bituminous-saturated cotton fabric 
or felt*. A priming coat of a kind suitable to the bituminous material 
is first applied, then a hot mopping of bitumen, followed by the fabric 
and another hot mopping until the desired number of plies is in place. 
Adjacent strips of the fabric should be lapped at least 3 in. The sur- 
faces to be waterproofed should be rigid, smooth, clean and free of pits 
or sharp projections and the exterior of the membrane must be pro- 
tected against abrasion with a layer of brick, concrete or mortar. The 
membrane will tend to remain intact even though some cracking occurs 
in the walls or floor, but it should be applied only by experienced workers 
and should be protected from injury during the construction of the 
building. 

The floor membrane may be placed over a layer of gravel, crushed 
stone, structural clay tile, or concrete units instead of over a concrete 
sub-floor, as shown in Fig. 2. The top of the base should be covered 
with a lean cement mortar, screeded to provide the essential smooth 
rigid support for the membrane. When dowels are used to connect 
the footing and the walls, the membrane should be carried over a con- 
~ erete base course beneath them. When the water under a basement is 
likely to cause an uplift pressure, the floor must be reinforced to resist 
it. If the floor is not subjected to water pressure and if the seepage or 
dampness resulting from possible capillary penetration is not objection- 
able, the floor membrane may be omitted and a floor construction similar 
eT he designation of standard specifications of the American Society for Testing Materials for bitu- 
minous water proofings suitable for built-up membranes are: Asphalt, D-449-42-T; Coal-tar pitch, D- 
450-41; Asphalt-saturated roofing felt, D-226-44; Coal-tar saturated roofing felt, D-227-44; Fabrics, 


woven cotton, saturated D-173-44. (A.S.T.M. Specifications for bituminous primers are listed in foot- 
note p. 427). 
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Fig. 2—Bituminous membrane waterproofing 


to one shown in Fig. 1 (a) or 1 (b) may be used. The wall membrane 
should be flashed at the footing and may be applied either to a mono- 
lithic concrete or a masonry-unit wall. 
D. Preventive measures against condensation 

Soil temperatures at depths of 5 to 10 ft below the surface do not 
usually vary more than 10 or 15 F from the mean annual air temper- 
ature of the locality. In many sections of the country the temperature 
of the soil adjacent to basement floors and the lower portion of the 
walls is lowér than the dew point of the air during many of the summer 
days. In those sections, the condensation of water vapor behind the 
surface and within the masonry of the basement floors and walls is a 
common occurrence. Where the temperature and humidity of the air 
are sufficiently high and if the thermal conductance of the floor or walls 
is also high, the condensation moisture is deposited upon the exposed 
masonry surfaces in the basement. Conversely, condensation on the 
exposed masonry surfaces in a basement may not occur if the masonry 
has an inherently low thermal conductance or if it is properly insulated. 
Neither statistical nor test data are available, but the author’s infor- 
mation and experience indicate that condensation will rarely form on 
the inner surfaces of structural clay tile walls, 12 in. thick. The con- 
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ductance of such walls, depends upon the type and may range from about 
0.26 to 0.40 BTU per hr per sq ft per degree F. Monolithic concrete walls 
or walls of concrete masonry units having thermal characteristics similar 
to those of the structural clay tile walls mentioned above may also 
be free of surface condensation. Monolithic walls 8 in. or more in thick- 
ness, containing a lightweight aggregate to reduce the density to about 
80 Ib per cu ft of concrete, should be satisfactory. 

The thermal conductivity of soil is lower when dry than when wet 
so that drainage of water from the soil surrounding a basement will 
reduce the tendency for condensation to occur. Concrete floors in base- 
ments located in drained soil may be insulated against surface conden- 
sation by placing the slab over a base course of hollow building units 
or over a porous fill, covered with asphalt roll roofing as shown in Fig. 
1 (a) or 1 (b). The base course should be well drained so that its in- 
sulating value is not reduced by the infiltration of water. Where the 
ground water level is above the floor, a concrete base course and a 
waterproof layer of a suitable insulating material should be used, as 
shown in Fig. 1 (c). 

If a basement is to be used as living quarters and is situated where 
climatic conditions are conductive to condensation, it may be desirable, 
for considerations of comfort, to use an insulating material in the walls 
and floors. Even so, the relative humidity in the basement may be 
too high for comfort and damage to interior trim or furnishings may 
result unless a barrier against capillary penetration from the ground is 
also used. Where insulation is used it should be placed near the warm, 
interior side of the masonry and the insulation should itself provide 
or it should be provided with a vapor barrier on the warm side and a 
barrier against capillary penetration on the cold side. 

A rigid cellular insulation which will act as a barrier against capillary 
penetration and water vapor and which will not absorb water is much 
better for use in basements than are non-rigid or granular insulating 
materials and insulations containing vegetable fiber. Cellular glass or 
other rigid mineral insulation is excellent and hard cellular rubber may 
also be suitable. Joints between blocks of the insulation should be 
sealed with a bituminous material. A strong wearing surface such as 
reinforced concrete should be placed over the floor insulation so as to 
distribute the load over it; see Fig. 1 (c). 

In general, it is inadvisable to use in a basement any unprotected 
wood, metal or other materials that may be damaged by moisture, if 
such materials are in contact with damp masonry or if condensation 
may occur on or near them. 

iil IDENTIFICATION OF CAUSES OF DAMPNESS IN EXISTING BASEMENTS 

The identification of the causes of dampness in a basement is necessary 
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before the proper remedial treatment can be selected. An examination 
of the building should usually be made to determine whether the damp- 
ness is caused by defects in the design or construction of the basement 
structure or results from leaks in the roof and above-grade walls. 


A. Water penetration 

Leakage through openings larger than capillary pores in basement 
walls and floors may result in a flow of water and is usually noticeable 
after rains and when conditions may or may not be conducive to con- 
densation. Seepage water penetrating by capillarity is evaporated from 
the masonry surfaces during much of the year and the walls and floor 
appear dry, even though water may be entering constantly through 
‘apillary pores. When evaporation is retarded by high relative humi- 
dity, moisture accumulates on the surfaces, and the resulting dampness 
may be attributed erroneously to condensation. Before assuming the 
absence of seepage by capillarity, the following test for capillarity 
should be made. The test is based on the fact that the evaporation of 
moisture from a masonry surface will be retarded by placing over the 
surface a covering which is nearly impervious to water vapor. 

Cover a portion of the floor surface with a rubber mat having an area 
of about 10 sq ft. If the surface of the floor so covered remains dry 
after several days, capillary transmission is not one of the causes of 
dampness; whereas if the area under the mat becomes damp or remains 
damp after surrounding areas have dried, capillarity contributes to the 
dampness. 

B. Condensation 

When warm outdoor air having a high relative humidity enters a 
basement, condensation will occur on those surfaces in the basement 
that have temperatures below the dew point of the air. The presence 
of moisture on cold-water pipes may be a good general indicator that 
conditions are conducive to condensation, either on the surface of or 
within the masonry. 

The following tests will indicate whether or not condensation is a 
cause of moisture on the masonry surfaces in a basement: 

(a) Cement a thin sheet of bright metal or glass in close contact with an area of 
the basement wall or floor that frequently becomes damp, using the smallest 
practical amount of adhesive that will give intimate contact. If the surface 
of the metal or glass remains dry when the surrounding area becomes damp, 
surface condensation is not the cause of the dampness. If moisture collects 
on the surface, condensation has occurred but may not be the only cause for 
the dampness in the surrounding areas. 

(b) Place a thermometer in contact with a damp portion of the floor or wall 
and cover it with several layers of woolen cloth or blanket so that the temperature 
of the thermometer will approximate that of the masonry. By means of wet and 
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dry bulb thermometers and physchrometric tables* determine the temperature 

of the dew point of the air in the basement. If the temperature of the masonry 

is lower than the dew point of the air, condensation contributes to the dampness. 

It should be noted that condensation may occur within the masonry, 
behind its inner surfaces, even if the tests show no surface condensation. 
Moisture that has condensed within the masonry may later reach the 
inner surface by eapillarity and, if there is little or no ventilation, the 
moisture may not evaporate and the masonry will be damp. This 
condition may occur in corners and behind large objects located close 
to the masonry surfaces, and it may appear that the moisture is caused 
by capillary penetration of water from the ground. 


IV. REMEDIAL TREATMENTS AGAINST WATER PENETRATION 
A. Basements in drained soil 
Drainage 

The penetration of water into an existing basement located in drained 
soil can be reduced or prevented by proper surface and sub-surface 
drainage, described in detail in section II-A of this paper. Since some 
waterproefing is usually applied to basement walls when the excavation 
for a sub-surface drain is made and since such waterproofings are most 
effective if applied to the outer faces of the walls, it is advisable to lay 
the drain outside the wall footing as shown in Fig. 1 (a). When it is 
impractical to excavate outside the basement walls for the purpose of 
placing a sub-surface drain, the basement floor may be removed near 
its junction with the walls, and the drain may be laid under the floor 
as shown in Fig. 3. ‘The drain should pass through or under the wall 
foundations to a lower outlet that is open at all times. 

Cementitious coatings 

Basement walls built of masonry units or concrete may be waterproofed 
against leakage by plastering two %%-in. thick coats of a portland- 
cement mortar to the inside or the outside of the walls, as shown in 
Fig. 1 (a) or 3. When the leakage is very small in amount and occurs 
only during a few short periods each year, the walls may be treated 
with 2 or 3 brush applied coats of a portland-cement grout. 

These cementitious coatings are most effective when applied to the 
outer faces of the walls. When applied to the outer faces, their resistance 
to capillary penetration is increased by applying a bituminous water- 
proofing over them. When applied to the inner faces an integral water 
repellent added to the mix for finish coat, may afford some protection 
against capillarity. Detailed information on the procedure for applying 
cement mortar and grout coatings to basements walls is given in section 


II-B. 


*Weather Bureau Psychrometric Tables, Vapor Pressure, Relative Humidity and Temperature of the 
Dew-Point from readings of the wet and dry bulb thermometers. Part I. These tables may be purchased 
from the Superintendent of Documents, Government Printing Office, Washington 25, D. C., price 5 cents, 
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Fig. 3—Water resistant treatments of the interior of an existing basement 


Cement-water paints prepared without the addition of sand or aggre- 
gate will greatly reduce the rate of leakage through permeable basement 
walls. Their effectiveness is dependent upon the number of coats 
applied and on the technique used in their application.* However, 
they are less effective against leakage and capillary penetration than 
are mortar or grout coats. 

Bituminous coatings 

Information on the waterproofing effectiveness and on the application 
of bituminous waterproofings to basement walls is given in section II 
of this paper. Since bituminous coatings subjected to pressure will 
readily blister and lose their bond to the masonry when apptied to the 
inside faces of permeable walls, they should be applied only to the out- 
side (exposed) faces of the walls. The hot-applied coatings of coal-tar 
pitch or asphalt placed over a suitable priming coat are by far the most 
effective of these coatings. They also serve as capillary barriers on the 
outside faces of both monolithic concrete and masonry-unit walls. 


*See ‘The Nature of Portland Cement Paints and Proposed Recommended Practice For Their Appli- 
cation to Conerete Surfaces,’’ ACL Com, 616, ACL Journnat, June 1042, Proc, V. 38, p. 485, 
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Brush-applied coatings of other waterproofings 


Experience and water permeability tests have both shown that brush- 
applied coatings of oil base paints or varnishes, and of colorless solutions 
or emulsions of oils, waxes, metallic soaps and sodium silicates have 
little effectiveness as waterproofings for highly permeable basements walls. 
They are practically worthless as waterproofings for use on the inside 
faces of highly permeable walls or floors. 


Repairs to permeable walls and floors of monolithic concrete 


Leakage through structural defects in walls and floors of monolithic 
concrete appears at honeycombed areas where segregation has occurred, 
at construction joints, and at cracks produced by unequal foundation 
settlement or other causes. The remedial treatments for defects in 
the walls are most effective when applied from the outside face, but 
may also be successful if carefully applied from the inside. Cracks 
caused by foundation settlement may reopen, after repair, with further 
movement of the foundation. 

Permeable, honeycombed portions of the walls should be cut away 
to the boundaries of the dense, solid concrete. The cut surfaces of the 
walls should be cleaned and thoroughly wetted. While these surfaces 
are wet, they should be scrubbed with a grout containing 1 part of 
cement to 1 part of sand, having the consistency of thick cream. While 
this grout is wet, the wall opening should be patched with new concrete. 

Cracks may be repaired as follows: The concrete on each side of 


’ the crack is cut away to a depth and total width of 1 or 2 in. and the cut 


surfaces cleaned and wetted. The crack at the base of the opening 
should then be sealed before the opening is filled by scrubbing in a 
cement grout, by packing with a cement mortar, or by packing with 
oakum. The method to be used is dependent upon the size and shape 
of the crack. For example, cracks at construction joints, such as those 
between the basement walls and floor, may be relatively wide and 
straight in direction, so that they may be effectively sealed with oakum. 
The oakum should be rammed so that its surface is slightly below the 
base of the cut in the concrete. After the cracks at the base of the open- 
ing have been sealed, the cut surface should be scrubbed while still 
damp witb a cement-sand grout. While the grout is still wet, the open- 
ing should be filled with a cement mortar containing 1 part of cement 
to about 3 parts of sand. A fillet of the mortar may be placed at cracks 
located at the junction of the wall and floor. 

Concrete floors that are badly cracked may be repaired by laying a 
new 2-in. thick floor over the old one. The surface of the old floor 
should be roughened, cleaned, and wetted and then scrubbed with a 
cement-sand grout of the consistency of heavy paint. If it is desirable 
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to prevent penetration of the new floor by capillary moisture it may be 
advisable to place a layer of bituminous material, instead of grout, 
between the old and new concrete. If this is done the new slab should 
be at least 21% in. thick and may be reinforced as shown in Fig. 1 (c). 
B. Basements in saturated soil 

Bituminous membrane 

The most dependable and durable waterproofing for permeable base- 
ments located in water-bearing soil is the bituminous membrane. In- 
formation on the application of the membrane is given in section II-C. 

Except when both floor and wall membranes are needed, the wall 
membrane should be applied to the outside of the masonry. When a 
floor membrane is used, it should be placed over the old floor and covered 
with a new wearing surface of concrete. The floor membrane is carried 
up onto the inside of the walls to a height above the ground-water level 
and must be supported on the inside faces of the walls with a rigid 
backing of masonry or concrete. 
Other treatments or methods 

Two %-in. thick plastered coats of a cement mortar covered with a 
coating of hot-applied coal-tar pitch or asphalt may be satisfactory as 
waterproofings when applied to the outside of masonry walls located 
in water-bearing soils. This waterproofing has the disadvantage in 
that it may crack if unequal foundation settlement should occur. The 
bituminous membrane, previously described, has more flexibility and 
will not crack as easily as other coatings. 

Active leaks through cracks in floors or walls may be stopped 
by plugging the crack with a cement mortar containing an accelerator 
to hasten the hardening of the mortar. The concrete around the crack 
is cut away to a depth and width of 1 or 2in. A stiff putty is then pre- 
pared from high-early-strength portland cement, sand and calcium 
chloride up to 5 percent by weight of the cement. The putty is pressed 
into the opening and held by the hand or by a form until it has hardened. 

An alternate method frequently employed to handle the problem of 
leakage water in a basement is to drain the water to a sump provided 
with an automatic float-controlled pump. 

V. REMEDIES FOR CONDENSATION 

Condensation on masonry surfaces in basements may be prevented 
by heating or insulating the floors and walls or by dehumidifying the air. 
A. Heating 

Since the dew point in a basement is usually about the same as that 
outdoors, ventilation is not likely to stop surface condensation. How- 
ever, ventilation is of value if there is a source of moisture in the base- 
ment, such as wet clothes or open vats of water, and the temperatures 
of the surfaces in a basement may be slowly increased by it. The masonry 
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surfaces can also be warmed by a coal, oil or gas fired hot water or 
steam heating system whose boilers and hot water pipes are not too 
well insulated. A space heater may also be used to raise the temperature 
of the masonry surfaces above the dew point; ventilation should be 
provided while the space heater is used. The waste gases from such 
heaters contain ‘water and should be conducted to the outside. 


B. Insulation 

Some information on the insulation of basements is contained in 
section II-D of this paper. The insulating materials placed in existing 
basements are usually applied over the old floor and on the inside faces 
of the walls. Unless a vapor barrier is provided on the warm side con- 
densation may still occur behind the masonry surfaces. As previously 
noted, insulating materials, such as cellular glass or other materials 
which are vapor barriers, are not absorptive, and are not damaged by 
moisture, are preferable for use in basements. 

Floor insulation may consist of a thin layer of light-weight aggregate 
concrete, structural clay tile, hollow concrete units, or cellular glass. 
The insulation must be protected or covered with a wearing surface of 
cement mortar, quarry tile or asphalt tile of suitable thickness. Seep- 
age by capillary penetration through the old floor may be prevented 
by placing a thin layer of a bituminous material between the old floor 
and the insulation; see Fig. 1 (c). 

Insulation for basement walls may consist of a layer of cellular glass 
set in and covered with cement mortar or a tier of structural clay tile 
or hollow concrete units with or without a finish coating. It is inad- 
visable to use wood (or any material that may be damaged by moisture) 
between the insulation and the old wall or floor. 


C. Dehumidification 

Condensation in a basement can also be prevented by dehumidifying 
the air. Since the dehumidified air will be drier than the air outdoors, 
the basement should be closed against ventilation except during oper- 
ations which liberate excessive amounts of water vapor, such as washing 
or drying clothes. The moisture may be removed by exposing the air 
to absorptive substances or by using air conditioning equipment. Ex- 
pert advice is usually needed for selection of air conditioning equipment. 

Calcium chloride, costing about 4 cents per lb, is one of the absorptive 
materials commonly used for dehumidification. The salt is exposed 
to the air in trays and when it becomes liquid from the absorbed water, 
it must be removed and replaced with a fresh supply. If the salt solu- 
tion is emptied into drains, they should be well flushed as the solution is 
highly corrosive to metal and concrete. The use of absorptive materials 
to prevent condensation requires considerable labor and attention. 
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Discussion of a paper by Cyrus C. Fishburn: 


Prevention of Dampness in Basements* 
By ALBERT ©. LARSON, HARLAN H. EDWARDS and AUTHOR 


By ALBERT O. LARSONT 


The article on dampness in basements has a great deal of useful 
material, but misses some important points. 

For exterior waterproofing the words “coal-tar pitch” and ‘asphalt’ 
are used interchangeably as meaning the same thing. It is a well-known 
fact that any asphalt preparation in contact with soil or earth deteriorates 
very rapidly, while coal-tar pitch is not affected by soil conditions. 
Asphalt preparations in contact with soil lose their effectiveness in a 
very short time. 

The author does not note that for the most severe water leakage 
conditions on an existing structure the Ironite treatment on the interior 
is the only complete cure irrespective of the severity of the leakage. 

On de-humidification, good ventilation will, except on rare occasions 
when the humidity is very high, remove the condensation from the base- 
ment. The basement, of course, should be sealed tight during warm 
humid days. 

Vermiculite plaster is an effective insulating material and is not 
affected by moisture. A condition such as indicated on Fig. 2 weuld 
probably result in lifting the basement floor and shearing the water- 
proofing. It takes very little water pressure to raise a basement floor. 
A floor 3 in. thick would practically have no resistance against such 
uplift. If water exists up to the point shown in the cut the floor should 
be 6 in thick and keyed into the walls. 


By HARLAN H. EDWARDS{ 


The perpetual fight to prevent penetration of water into a structure 
makes timely this paper on recommended practice for the prevention 
*ACI Journat Feb. 1948, Proc. V. 44, p. 421. 


tLarson and McLaren, Minneapolis, Minn. 
tConsulting Engineer, Seattle, Wash. 
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of dampness in basements, coming as it does with the unquestioned 
authority of the Bureau of Standards. Since application of these materi- 
als is almost always the time for watchfulness on the job, I submit the 
following as a “field comment or supplement” to the report. It relates 
to the application (1) of bituminous dampproofing, (2) of bituminous 
wall and foundation membrane and (3) of bituminous membranes 
installed below a finish concrete or tile outdoor walking deck laid over 
the structural slab forming the ceiling of the basement. 


Bituminous dampproofing 

In the application of bituminous dampproofing, failure to fill or seal 
the small imperfections in the surface of a concrete wall such as air 
bubble holes is characteristic of the operations wherein the bituminous 
compound is applied by brush, as recommended. Whether the material 
be applied hot by mopping, or cold using the various commercial founda- 
tion coatings, these openings are bridged by a thin film which later snaps 
or breaks. The smooth, dense, most waterproof portion of the wall is 
well coated, but the open holes make the job just as effective as a sieve. 
Looking down the wall from above, the holes are hard to see but they 
stand out plainly against the black background when one looks up with 
his eyes shielded from the bright light above. Previously filling the 
holes by cement brushcoating and sacking is an unnecessary expense, 
while repeated brushcoatings of bituminous material merely duplicates 
the previous performance. 

Application by spray has proved to be the only satisfactory method, 
using a special coarse spray gun mounted on a long handle, similar to 
the one used by paving crews to apply penetration or seal coats to small 
areas. In this way the fine particles of material are driven into the 
openings from different angles, and “bridging”’ is impossible. It is also 
the most economical method of application. 


Bituminous wall and foundation membrane 

In “wrapping up” the basement areas of a building using a hot mopped 
job, as indicated on p. 429, it is a practical impossibility to get a roofing 
crew to mold the several plies of asphalted felt and webbing down into 
a keyway in the footing as shown, and have it remain unpunctured by 
laier operations or by building movement. To place the membrane 
below the footing as indicated is very expensive. 


Where a high water table is known to exist, waterproof basements 
have been installed by first placing a thick concrete basement floor slab 
heavily reinforced top and bottom over the entire building area directly 
on top of the footings, carrying the wall and column dowels through it, 
and having a substantial keyway formed to receive the walls. The 
weight of the building tends to keep this joint with the floor tight, 
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while additional proteciion is obtained by the insertion of a copper water 
bar in the footing and wall concrete across the joint. 

Trouble has been experienced with the bituminous wall membrane 
after application to the wall as shown, in sagging under its own weight 
and causing trouble. Attachment of the first course of the membrane 
to the wall by nailing to pressure-treated creosoted or Wolmanized 
wood nailing strips set horizontally in the concrete at 3 to 4 ft vertical 
intervals is reeommended by roofing engineers. The additional courses 
of the membrane are applied as usual. 


Membrane under exterior concrete or tile walking deck 


Not covered by this paper but concerned, nonetheless, with basement 
dampproofing is a membrane placed over basement ceiling slab under 
an exterior concrete or tile walking deck. This membrane is subject 
to rupture by expansion and contraction of the upper slab unless adher- 
ence to the upper and lower slabs is guarded against. I have seen -two 
such instances where membrane was installed under presumably the 
best of roofing specifications, yet went out in a year and cost thousands 
of dollars to remove the upper deck and the membrane and replace 
them properly. 

For this type of service a “floating membrane” is used, such as that 
covered by the Paraffine Companies’ specification by that name. In 
laying this membrane, a dry sheet is first laid, and covered by another 
sheet having kraft paper on one side and coated roofing on the other. 
It is important that no asphalt or tar be used on the slab or between 
these sheets. Next in order is mopping with asphalt, 15-lb felt, mopping, 
a course of webbing, 15-lb felt, mopping, webbing, 15-lb felt and mopping 
followed by the lower two courses in reverse order. It is thus seen 
that a tough, waterproof membrane lies between two pairs of slip planes 
with no adhesion whatever to either top or bottom slab. This membrane, 
of course, is carried up against the adjoining vertical surfaces and into 
reglets as usual. Drainage of this membrane is by the double drainage 
type of floor drain, with membrane clamped tightly into the lower pan. 
Failure to thus guard against adherence is to invite disaster. 

In most of our waterproof membrane practice we are still in the 
horse and buggy days. I had hoped to find in this report some informa- 
tion concerning and recommendation for the use of modern materials 
such as the Fiberglas sheet or a plastic-type sheet such as Nervastral 
Sealpruf to replace the outmoded asphalted felt, and an asphalt-rubber 
or other compound like Paraplastic or Sealz which is unaffected by high 
and low temperatures to replace the old standard roofing asphalt that 
becomes brittle at temperatures around 40 F. Perhaps this information 
will be forthcoming in further discussion or another report, giving the 
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results of authoritative tests and information concerning their use in 
this way. 


AUTHOR'S CLOSURE 


While coal-tar pitch may be preferred under severe moisture con- 
ditions, both asphalt and coal-tar pitch are recognized waterproofing 
materials. Both materials are included in waterproofing specifications 
of the American Society for Testing Materials and of the federal gov- 
ernment (Federal Specifications SS-A-666 Type III, asphalt for water- 
proofing and dampproofing, and R. P. 381, Type II coal-tar pitch for 
waterproofing and dampproofing). 

Mr. Edwards’ discussion relating to the importance of proper work- 
manship in the application of bituminous dampproofing and waterproofing 
materials is quite pertinent. Even the best materials, applied carelessly, 
will not function properly. Spray application of cold bituminous coatings 
is desirable, but there are many small jobs where spray equipment is 
not available. The application of suitable primer greatly assists in the 
penetration of bituminous coatings into small imperfections in a concrete 
surface, whether they are cold applied by brush or spray, or hot mopped. 


In connection with membrane waterproofing, the author recognizes 
the possibility of having the membrane punctured by subsequent opera- 
tions. While not expressed in this paper, his opinion is that where the 
conditions warrant the expense of applying membrane waterproofing, 
the added expense of a cement-grout coating, course of brick or of some 
other material to protect the membrane is well justified. 
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Highlights of the Development of Reinforced Concrete 
and the Study of Bond* 


By ARTHUR P. CLARKT 


Member American Concrete Institute 


SYNOPSIS 

This paper is introduced by a brief history of the development of 
concrete and reinforced concrete since portland cement was first made 
about 125 years ago. The French are credited with the first use of rein- 
forcement a little after the middle of the 19th century. Widespread 
use of reinforced concrete began in the United States about 1900. It 
was first designed by a few specialists, particularly in Europe, in accord- 
ance with special reinforcement ‘“‘systems’’. 

As the art of using reinforced concrete developed, the sufficiency of 
the resistance of the plain bar to slippage was questioned and attempts 
were made to deform bars. Laboratory tests of bond were made as 
early as 1894 but were never extensive. Starting about 1943 the A.L.S.I. 
organized a committee on reinforced concrete research with the object 
of increasing our knowledge on the effective and economical use of 
reinforcement. 


HISTORICAL BACKGROUND 


In the many years since building structures have served as shelter 
and protection, only five types of building materials have come into 
general use: stone, timber, clay products such as brick and tile, steel 
and concrete. Concrete was known and used by the Romans, it is 
true, but their cement was far different from that which is in use today. 
The combination of steel and concrete is a comparatively late develop- 
ment in the evolution of these two building materials. 

Portland cement was first made about 125 years ago, but concrete, 
while used in large quantities, was limited to the field of stone or masonry 
construction until reinforcement was introduced. 

Monier, a French gardener, is usually given credit for first using rein- 
forcement some little time after the middle of the 19th century, although 


*Presented at the ACI Regional Meeting, Birmingham, Ala., October 6, 1947. ’ 
ffjevearch Associate, American Iron and Steel Institute, National Bureau of Standards, Washington, 
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Lambot exhibited at the Paris exposition held in 1885 a reinforced 
concrete boat which was built in France in 1850. About the same time, 
Coignet, another Frenchman, built arches, beams and pipes using a 
system of reinforcing which he had developed. 

To the French, then, we are indebted for the introduction of reinforced 
concrete construction. From France, the use of this type of construc- 
tion spread to other countries of Europe, but prior to 1900 the volume 
in evidence outside of Europe was small. About 70 years ago, rein- 
forced concrete construction began to appear to a limited extent in 
the United States. There the first entirely reinforced concrete building 
of which we have record is a residence built in New York City in 1875. 
A little later, a number of such structures were erected by E. L. Ransome, 
principally on the Pacific Coast. 

The 20th century really marks the beginning of the widespread use 
of reinforced concrete in the United States. 


DESIGN CONSIDERATIONS 


It will be recalled, by those who have had a personal interest in con- 
crete over a period of years and who are familiar with some of the history 
concerning this versatile material, that for some 25 years past arguments 
have come up relating to design practice and materials. There have 
been many discussions concerning the advantages of wet concrete over 
concrete with water control, gravel versus stone versus slag, whether 
to use soft steel bars or hard steel bars, plain versus twisted versus 
deformed bars, and the relative merits of the different systems of rein- 
forcement. At first, reinforced concrete was designed by a few specialists 
who surrounded their work with mystery and performed it in accordance 
with some special “system” of design or reinforcement. “Systems” 
first appeared in Europe and of the many, only one of the early ones, 
that of Hennebique, is of special interest. He introduced the method 
of reinforcing which is at present in general use. He employed “stirrups” 
and “bent-up” bars for beam and girder reinforcement and “hooks” 
or other anchorage at the ends of bars to prevent slipping. 

Many unusual ideas were tried out, of course, one being the use of 
wire rope for reinforcement. But, it can be stated with confidence 
that reinforced concrete has always had reasonably predictable and 
determinable qualities, and that it has always had rather large factors 
of safety and has served well in the use for which it was designed. 

Perhaps one of the most important factors in the economy of rein- 
forced concrete construction in the United States—contrary to con- 
ditions in European countries—has been that materials were cheap, 
labor costly, and the speed of construction essential. The practice 
has been to design structures which would save time and labor—not 
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material. It was more important to complete a design quickly than 
to strive for economy in the use of material in design calculations. 

However, conditions have changed and there is need now for reducing 
the amount of material to be used and for conserving space in build- 
ings by reducing the column sizes and the depth of beams. Moreover, 
it frequently becomes necessary to erect taller structures than formerly 
because of the high price of land, the cost of which is steadily increasing. 
We now have buildings with reinforced concrete frames 30 and more 
stories high. There is also the growing demand for precision and accu- 
rately predictable capacity at the least cost in structures. All this, in 
addition to the natural development in the design of reinforced concrete, 
requires a high degree of engineering skill. 

3 BOND DEVELOPMENT 

While the steel industry is not ordinarily thought of as a large factor 
in the concrete industry, it is true, nevertheless, that without steel 
concrete would still be limited to.the uses known to the Romans 2000 
years ago. 

For a number of years after the introduction of reinforced concrete 
as a structural material, it was thought that the gripping of the con- 
crete surrounding the bar was sufficient to develop the strength of the 
steel, and plain bars were us¢d exclusively for reinforcement. Lack of 
test data and the fact that reinforcement in the early use of this com- 
bination consisted generally of small bars probably led to this conclusion. 

As the art of using reinforced conerete developed, the sufficiency of 
the resistance of the plain bar began to be questioned and various means 
were devised to prevent the bars from being pulled out of the concrete, 
as for example, “hooking”’ or “splitting’”’ the bars at the ends. 

Engineers in the United States soon recognized that merely anchoring 
the bars at the ends to prevent their pulling out of the concrete did not 
provide the proper means for securing the best action in reinforced 
concrete construction. The interaction of the two materials, which is 
the basis for all reinforced concrete design, is called bond, the ability to 
transfer stress from one material to the other all along the reinforcement. 
As this was recognized, attempts were made to deform bar surfaces. 

The first bar to be produced, for which claims of better bond re- 
sistance were made, was the cold twisted square bar patented in 1884 
by E. L. Ransome. Since that time, a large group of investigators 
have developed bars formed in the finishing pass of the rolling mill 
with a definite pattern of projections on the surface of the bar and these 
are the so-called deformed bars. Some of these were finally produced 
commercially and offered to builders. The special forming of the sur- 
face of the bar is to provide bearing faces against the concrete which 
will prevent undue slippage after the early failure of the resistance offered 








440 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1948 


by the plain surface of the bar. At first, and until recently, it was 
thought that the bar with the largest bumps, or deformations as we 
call them, provided the best bond. Recent researches have clearly 
indicated that, for the best bond resistance of a bar, there is a definite 
relation between the height and spacing of the deformation. 


From as early as 1894 in Europe and after about 1902 in this country, 
a great many laboratory tests were made by investigators in reinforced 
concrete to determine the bond value and the necessary length of em- 
bedment of the bar in concrete for a reasonable working stress or factor 
of safety. In many cases, the tests were conducted for the purpose of 
substantiating the claims of superior bond for some patented type of 
deformed bar. Unfortunately, with a very few exceptions, the many 
investigations included in each case only a few tests, making it difficult 
to compare the results because of the great differences as to size of bar 
tested, length of embedment, mix of concrete, age of specimens, and test 
procedure. Results of tests clearly indicate, however, that the plain 
bar is very much less effective than deformed bars and that twisted 
bars are not much better than plain. The difference is recognized today 
by building codes which permit a 25 percent increase in permissible 
bond stress for deformed bars over the allowable stress for plain bars. 

Strangely enough, while we have had standard specifications covering 
the physical and chemical properties of both plain and deformed bars 
for many years and our building code provisions give permissible bond 
stresses for both types, we have had no definition of a deformed bar or . 
requirement for the deformations. Consequently, any bar with arranged 
projections, however ineffective, has been accepted as a deformed bar. 

About four years ago, the principal producers of concrete reinforcing 
bars, members of the American Iron and Steel Institute, organized a 
committee on reinforced concrete research and provided funds to 
carry on comprehensive researches with the object of increasing our 
knowledge as to the best means for the effective and economical use of 
reinforcing bars in concrete. ‘Tests of pull-out specimens, first phase 
of the comprehensive investigations, were reported* in 1946. 

There is now before the American Society for Testing Materials for 
consideration as a tentative standard a specification of “Tentative Mini- 
mum Requirements for the Deformation of Steel Bars for Concrete 
_ Reinforcement.” 

Several other investigations in the field of reinforced concrete are 
under way. These well conceived and directed researches indicate that 
there will be continued improvements in the use of reinforced concrete 
which will result in better structures at substantial savings in cost. 


*Clark, A. P., ‘Comparative Bond Efficiency of Deformed Concrete Reinforcing Bars’’, ACI Journat, 
Dec. 1946, Proc. V. 43, p. 381. 
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Discussion of a paper by Arthur P. Clark 


Highlights of the Development of Reinforced Concrete 
and the Study of Bond* 


By CHARLES M. SPOFFORD{ 


The writer was very interested in Mr. Clark’s paper and wishes to 
submit supplementary information on the historical background. of 
reinforced concrete development and early progress in the study of 
bond. The author fails to mention one of the early American pioneers 
in the use of reinforced concrete, namely, Thaddeus Hyatt. 

Mr. Hyatt was a lawyer by education but an inventor by nature. 
He was born in New Jersey in 1816, but lived most of his life in New 
York City and London. One of his early inventions was an illuminated 
sidewalk grating, the use of which first made it possible to light the 
basement areas under the sidewalks of New York thereby adding 
materially to property values. The manufacture of these gratings 
soon proved sufficiently profitable to enable Mr. Hyatt to leave the 
conduct of this business in the hands of his managers and devote his 
own time and considerable money to experiments and study along 
other lines. Among many subjects which had long interested him was 
fireproof construction, he having early recognized that the unprotected 
iron then employed in so-called fireproof buildings was by no means 
fireproof. His use of portland cement in conjunction with iron in the 
manufacture of gratings convinced him of the value of a combination 
of these materials both with respect to strength and resistance to fire, 
and he was led to experiment very extensively with such a combination. 

In 1877 he published privately a book giving his views upon fireproof 
construction, together with results of tests of various combinations of 
iron and concrete. The title of this book is “An Account of Some Ex- 
periments with Portland Cement Concrete Combined with Iron as a 
Building Material with Reference to Economy in Construction and for 
~ ®ACI Journat, Feb. 1948, Proc. V. 44, p. 437. 

tFay, Spofford and Thorndike, Engineers, Boston, Mass. The material presented in this discussion 


is taken from an address by Mr. Spofford before the Boston Society of Civil Engineers, Feb. 19, 1913, 
published in the Journal of the Association of Engineering Societies, V. 2, No. 5, 1913. 
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Specimens of reinforced concrete beams tested for Thaddeus Hyatt 


Security against Fire in the Making of Roofs, Floors and Walking 
Surfaces.” 

Among the subjects which he investigated were the following: the 
fireproof qualities of floors made of portland cement and iron; the heat 
conduction power of concrete; the coefficient of elasticity of concrete; 
the strength of concrete beams with iron rods and bars embedded therein; 
the effect of quenching red hot concrete in cold water; the relative 
economy of solid floors of concrete with tension steel embedded therein 
as compared with floors composed of concrete and rolled beams. 

The beam tests were made by Kirkaldy, the well-known testing 
engineer, and are very interesting. The figures accompanying this 
paper show some of many different combinations which he tested, and 
serve to indicate the wide scope of his experiments. 

The following are some of the conclusions Hyatt drew from the results 
of his studies and tests: 

1. That fireproof construction requires that all iron beams shall 
be asbolutely surrounded by fireproof material. 
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2. That portland cement concrete is fireproof. 

3.)That the bond between concrete and iron bars or rods is 
sufficient to develop the strength of the iron, and that such a 
combination is much more economical than one consisting of 
concrete and rolled beams. 

1. That the coefficients of expansion of iron and concrete are 
practically identical. 

5. That the ratio between the moduli of elasticity of concrete 
and wrought iron is about 1 to 20. 

6. That concrete combined with tension iron may not only be 
used satisfactorily for buildings, but that this material should also 
be satisfactory for bridge construction, since such a bridge should 
be weather-proof, need no paint and probably cost less for repairs. 

Hyatt was so firmly convinced by these studies of the desirable qualities 
of reinforced concrete that he constructed a building on Farrington 
Road, London, in which he used much of this material. To convince 
others of its fireproof character, he built a fire in it without causing 
material damage. 

A search through the records of the United States Patent Office shows 
that he was granted one patent of broad character covering the use of 
combinations of concrete and metal. This ‘patent, No. 206112, was 
described as follows by the United States Patent Office Gazelle of July 
16, 1878. 

Composition floors, roofs, pavements, etc. 

Brief Hydraulic cements and concretes are combined with metal bars and 
rods so as to form slabs, beams and arches. The tensile strength of the metal 
only is utilized by the position in which it is placed in the slabs, beams, ete. 

Claim—The manufacture, use and application of the aforesaid materials, 
and the modes, means and processes connected therewith when the same are 
employed for the purposes and in the manner substantially as hereinbefore set 
forth and illustrated by my drawings. 

The following portion of the original claim made by Hyatt is of 
particular interest as indicating the origin of the modern deformed bar, 
and in showing his knowledge of the importance of the shearing stresses 
in a reinforced concrete beam. 


TO ALL WHOM IT MAY CONCERN: 
Be it known that I, Thaddeus Hyatt, of No. 25 Waverly Place, in the City of 
New York, a citizen of the United States, have invented certain new and useful 


improvements in the use and application of hydraulic cements and concretes 
in combination with metal as a building material and in building constructions 
made therefrom, and in means, modes and processes connected therewith, the 
same being in part applicable to pavements and other walking and load bearing 
surfaces and structures. 
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That iron or steel may be combined with concrete or with bricks as tie metal, 
capable of furnishing all tensile strength needed to balance the compressive 
resistance of the other materials when the beam or structure is subjected to 
bending stress, that all metal may be dispensed with save the tie only, and that 
both baked bricks and concrete possess in themselves cohesive power and strength 
sufficient to perform the functions ordinarily performed by the metallic web, 
are the discoveries made by me through many experiments and years of study, 
upon which I now base my application for a patent. 

In applying my invention to the construction of floors and other walking 
surfaces, and low-bearing structures, and to roofs, to the making of beams, 
joists, girders and supports, and to the making of pavement slabs not liable to 
crack from their own weight by the giving way of imperfect foundations under- 
neath them, and to the construction of ‘‘roof-pavements”, for extending the 
basements of buildings under the footways of public streets, my improvement 
consists in the use and application of iron or steel as tie metal, compined with 
the concrete or bricks to give tensile power to the same; my invention, with 
respect to the tie metals, consisting in so preparing or making them as to prevent 
the possibility of any sliding or slipping of the materials one over the other when 
the beam or structure is under strain. 

For resisting thrust, as, for example, in the “bow-string girder’, a tie may 
be made dependent upon the two end fastenings only; but a beam proper must 
be qualified to resist cross-strains, and equally well at any part. The tie must of 
necessity, therefore, be attached to the web practically throughout its entire 
length, and as firmly at one point as at another, the object of such fastenings 
not being to prevent the tie from bursting out or breaking away from the web 
in a downward direction, because no such tendency exists, but to counteract 
the tendency of the tie to slide or slip because of the force of the shearing strains 
got up in the beam when under bending-stress; this discovery of the true relation 
existing between a tie and its web also demonstrating the sufficiency of the 
cohesive power of the web itself to hold the tie to the top of the beam, whether 
such web be concrete or mefal, the difference of thickness necessary for this 
purpose, where the web is concrete instead of being metal, being proportionate 
to the difference between the cohesive strength or power of metal and concrete. 
Basing my improvements in the ties and the manner of connecting them with 
the concrete upon the theory above set forth as to shearing strains, I find it im- 
portant to make use of ties having the greatest friction surface. Flat thin ties 
are hence preferable to other shapes. To prevent slipping, these ties require 
also a roughened surface. This roughened or non-slipping surface may be made 
in many ways. For some purposes a mere sanded, tarred surface may possibly 
suffice; but I prefer to use metal specially rolled for the purpose, with bosses or 
raised portions formed upon the flat faces of the metal. 
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Long-Time Study of Cement Performance in Concrete 


Chapter |. History and Scope* 
By F. R. McMILLANT 


Honorary Member American Concrete Institute 


and |. L. TYLERt 


Member American Concrete Institute 


SYNOPSIS 


A comprehensive investigation of portland cement in concrete, in 
which the behavior of cements will be studied over a period of years, is 
introduced by this brief paper outlining: (1) history of the study— 
advisory committee membership, development of the program, financing 
and scope of the investigation; (2) selection of cements; (3) tests of 
cements; (4) construction projects—test roads, exposure to sea water 
and sulfate soils, concrete in thin sections, experimental farms and 
inspection of field projects. 

The paper is the first of a series of as yet an undetermined number 
reporting the results of the long time study Chapter 2, “Manufacture 
of the Cements”; Chapter 3, “Chemical and Physical Tests’ and 
Chapter 4, ‘Microscopical Studies” have been or are nearly completed 
and will probably be published during this JournaL volume year. 
Additional chapters will be forthcoming in the next few years as results 
of the study dictate. 


HISTORICAL 

Purpose and background 

As the title implies, this is a comprehensive investigation of portland 
cement in concrete in which the behavior of cements will be studied 
with respect to durability over a period of years. The study naturally 
divides into two phases; first, an exhaustive comparison of the per- 
formance of cements in structures; and second, an examination of the 
reasons for such differences as may be found, in terms of definable 


*Received by the Institute Nov. 28, 1947. 


tAssistant to the Vice President for Research and Development, Portland Cement Association, Chicago. 


}Manager, Field Research, Portland Cement Association, Chicago 
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properties of the cements. Twenty-seven cements are used in the study. 
They represent the full range of physical and chemical properties of 
commercial cements produced in widely separated sections of the United 
States. These cements have been used in several types of concrete 
structures at different locations throughout the country selected to 
provide the widest ranges in conditions of exposure. The durability 
of these structures under the various exposures provides the principal 
basis for evaluating the performance of the cements. Exhaustive 
laboratory studies of all distinguishable properties of the cements, and 
of mortars, and concretes in which they are used, are an important part 
of the study. The program of investigation was developed under the 
direction of an advisory committee of 12 members, eight representing 
users of cement and four representing cement producers. 

Suggestions by P. H. Bates (then Chief, Clay and Silicate Products 
Division National Bureau of Standards) in 1938 proposing a compre- 
hensive field and laboratory study of cement performance provided the 
starting point from which the final program of investigation was evolved. 
Mr. Bates’ proposal came to the attention of far-sighted individuals of 
the cement industry and from the first received increasingly favorable 
support. In 1939 F. T. Sheets, president of the Portland Cement Asso- 
ciation, presented a plan to the cement industry for financing such an 
investigation and for appointing an advisory committee to lay out a 
detailed program and to give general direction to its execution. 


Advisory committee 

With the enthusiastic acceptance of Mr. Sheets’ recommendations by 
the member companies of the Association early in 1940, the work of 
organizing an advisory committee was started immediately. It was 
fully realized that the complexity of an undertaking such as that pro- 
posed would require direction of exceptional foresight and ability. 
Further, it was felt that all important fields of concrete usage should be 
represented. Selection of the committee was undertaken with these 
thoughts in mind. Since he was eminently qualified for the post and 
had been largely responsible for initiating the project, P. H. Bates was 
named chairman. Members of the committee were chosen from engi- 
neers of outstanding accomplishment in their respective fields. Repre- 
senting consumers of cement were the following: 

P. H. Bates, Chief, Clay and Silicate Products Division, National Bureau of 

Standards 

Roy W. Carlson, Professor, Massachusetts Institute of Technology 

P. J. Freeman, Principal Materials Engineer, Tennessee Valley Authority 

Frank H. Jackson, Senior Engineer of Tests, Public Roads Administration 

J. L. Savage, Chief Designing Engineer, U. 8. Bureau of Reclamation 

Thomas E. Stanton, Materials and Research Engineer, California Division of 

Highways 
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Byram W. Steele, War Department, Office of the Chief of Engineers, Washington, 
D. C. ‘ 
Roderick B. Young, Testing Engineer, Hydro-Electric Power Commission of 

Ontario 
Representing the cement industry were: 
Franklin R. McMillan, Director of Research, Portland Cement Association 
R. G. Uhlig, Manufacturing Research Committee, Portland Cement Association 
Hubert Woods, Chairman, Technical Problems Committee, Portland Cement 


Association 
Roy N. Young, Vice-Chairman, Technical Problems Committee, Portland Cement 


Association 

L. A. Dahl, Secretary (without vote), Manufacturing Research Engineer, Port- 

land Cement Association 

Ex officio, Frank T. Sheets, President, Portland Cement Association 

(Alternate, W. M. Kinney, General Manager, Portland Cement 
Association) 

Since formation of the advisory committee the following changes in 
its membership have taken place. In 1941 J. L. Savage resigned and 
was replaced by Robert F. Blanks, Chief, Engineering and Geological 
Yontrol and Research Division, Bureau of Reclamation. R. G. Uhlig 
became ineligible by reason of his withdrawal (1942) from the staff of a 
member company. A successor has not been appointed. 


Development of the program 

The principal objectives of the long-time study of cement performance 
in concrete were formulated at the first meeting of the advisory com- 
mittee in Chicago on March 1 and 2, 1940. At this meeting a tentative 
list of test cements was proposed and consideration was given to the 
types and locations of field structures for test. A subcommittee was 
appointed to meet in Washington, D. C. on March 21 for the purpose 
of incorporating the committee’s recommendations into a complete 
program including estimates of cost. As a result of the Washington 
meeting a general program was outlined. The second full meeting of 
the advisory committee was held in Chicago on April 19 and 20, 1940. 
At this meeting a report outlining a complete program of tests and 
estimates of cost was approved by the advisory committee. This report 
was submitted to the association management under date of May 4, 1940. 

The board of directors of the Portland Cement Association referred 
the report of May 4 to the association committees on manufacturing 
research and technical problems with a request for study and recom- 
mendations. In a joint meeting of these committees the report of May 
4 was studied in detail and with certain revisions, was recommended 
for adoption. The recommended changes, all of which comprised 
additions to the proposed program, were accepted by the advisory 
committee in a meeting in Chicago on August 19, 1940 and were in- 
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corporated into a final report bearing the date of August 19, 1940 which 
has served as a guide for conduct of the investigation since that time. 


A fourth meeting of the advisory committee was held in Chicago on 
January 29 and 30, 1941 at which many specific details of test methods 
and construction and inspection procedures were established. 


There have been three meetings of the advisory committee since 
January 30, 1941. The first was held at Mexico, Missouri during con- 
struction of the Missouri Test Road (Project 3 of the Long-Time Study). 
The second was held in Chicago, July 17-19, inclusive, 1945 and the 
third in Greenville, South Carolina, April 14-17, inclusive, 1947. The 
purpose of these meetings was to enable the committee to keep informed 
on laboratory and field activities and to advise on conduct of the work, 
preparation of reports and other phases of the investigation. 


Financing 

The investigation was financed by direct appropriation by the Portland 
Cement Association of $363,000, later increased to $386,100. Sub- 
stantial indirect contributions were made by the state highway depart- 
ments and other agencies cooperating in the tests. Through these 
agencies projects were made available in which the test cements could 
be used without undue interference in the construction and under 
conditions well adapted to the purpose of this investigation. These 
organizations also contributed freely of their advice and on occasion 
furnished man-power beyond the normal requirements of their work 
in order to further the investigation. Several of the cement companies 
manufacturing the test cements made substantial indirect contribution 
by making no charges for extra labor or production delays. 


Scope of the investigation 

This investigation is primarily a study of cement. Every phase of 
the test program was designed to reveal information regarding the effect 
of distinguishable properties of cements on the concrete in which they 
were used. To this end, test cements representative of current produc- 
tion were selected which covered the widest possible range of physical 
and chemical properties and methods of manufacture. The cements 
were made under close observation with details of manufacturing pro- 
cedures carefully recorded. Raw materials, clinkers and cements were 
subjected to exhaustive~tests intended to bring out differences which 
might be reflected in behavior of the cements in concrete. 


For the experiment to be fully successful it was also necessary that 
concrete containing these cements be tested under the wide ranges of 
exposure prevailing in different parts of the country. Behavior of con- 
crete in full size field structures was selected as the principal basis for 
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the evaluation of cement performance. These structures (including 
highway pavement, parapet walls and walkway sections) were built 
in accordance with accepted specifications for the type of construction 
and its intended exposure and no special conditions were introduced 
because of the experimental nature of the work. Aggregates were in 
each case those available in the locality. A very large number of near- 
job-size structures in outdoor exposures were constructed at selected 
locations, providing means for additional comparisons of cement be- 
havior in concretes with different aggregates, different cement contents 
and different consistencies. Severity of exposure differed greatly on the 
several projects ranging from the mild exposure of Georgia and Florida 
to the severe conditions found in the sea water exposures in New England 
and the rapidly fluctuating temperatures in the high altitudes of the 
Rocky Mountains. One project was devoted to the study of alkali 
exposures in the far west. The investigation thus provides for the 
study of cement performance in field structures under a great diversity 
of conditions. It is planned to supplement the field program with 
exhaustive laboratory tests of concrete to provide still other conditions 
under which comparisons may be made. 

On the major projects each cement was used at several locations in 
concrete placed on different days. This provided numerous comparisons 
between cements and minimized likelihood that effects of factors such 
as weather or placing temperatures might cloud the results so far as 
cement behavior is concerned. A similar practice was followed on the 
projects containing the near-job-size structures. On the major projects 
there are 3 to 5 repetitions of test sections containing each cement. 
On the projects with near-job-size structures many more direct compari- 
sons are possible. Considering all the field projects it is possible to make 
more than 100 direct comparisons between the 27 test cements. 

Because of the wide range in variables, the investigation offers an 
unusual opportunity for studying the properties of concrete as affected 
by factors other than cement performance. The effect of such factors 
(mix proportions, types of aggregate, construction practices, etc.) may 
be observed directly on several of the projects. Similarly the effects of 
different exposures will be shown by the differences in behaviors ex- 
hibited in the several locations. While these factors are secondary so 
far as the main purpose of the experiment is concerned, it is expected 
that a great deal of useful information concerning concrete will be 
developed beyond that which is related strictly to the performance of 


cements. 
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SELECTION OF CEMENTS 


Selection of the test cements involved a decision as to the number of 
cements which could be incorporated in the program to best advantage 
considering the range of variables to be covered and the difficulties of 
handling a large number of cements on the construction projects. 
Twenty-seven cements were finally chosen as the combination best 
suited to developing the most significant information with a feasible 
program of field construction and laboratory investigation. These 
cements were selected with a view of providing the widest range in 
composition and methods of manufacture found in the standard com- 
mercial products of the United States. All five of the ASTM types are 
included and all of the principal cement-producing areas of the country 
are represented. Many of the cements are typical of the general type 
in which they are included but some were chosen because of special 
characteristics of composition or method of manufacture. In some cases 
cements of different types were manufactured in the same plant using 
the same basic raw materials, the purpose being to eliminate from a 
comparison of types as many variables in raw materials and processing 
as possible. 


Twenty-one clinkers were made (eight of Type I composition, five 
of Type II, three of Type III, four’ of Type IV and one of Type V) 
from which 21 cements were prepared. In addition six of these clinkers 
(four from Type I, one from Type II and one from Type III) were ground 
with an air-entraining agent to provide six air-entraining cements for 
direct comparison with their non-air-entraining counterparts. Table 1-1 
lists the cements by types and: indicates the significant characteristics 
which led to the selection of each. Air-entraining cements are identified 
by the letter “T”’. 


The cements were, in each case, the normal products of the plants in 
which they were manufactured, with no special requirements imposed 
on any phase of production, other than that cements of a given type be 
of comparable fineness. It was necessary, however, that accurate in- 
formation on all phases of production be obtained for the record, cover- 
ing raw materials, proportioning, burning, grinding, storage and related 
subjects. Samples of raw mix, clinker, gypsum and finished cement 
were taken, some 25,000 in all. All plant operations were observed by 
members of the Research Laboratory staff of the Portland Cement 
Association and complete records of plant operations, sampling and 
testing were made. Manufacture of the test cements was started in 
December, 1940 and completed in June, 1941. Detailed discussion of 
the manufacture of each cement (raw materials, manufacturing processes, 
and storage of the finished products) will be given in Chapter 2. 
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TABLE 1-1—LONG-TIME STUDY CEMENTS 











Cement : : de ‘ ; 
No ~— raw materials and characteristics which led to selection 
( Compennes to Type I ASTM C150-40T 
11 Cement rock Lehigh V namie cement, relatively high Mo0 c content 
11T Same clinker as 11, ground with Vinsol resin 
12 Cement rock and limestone Lehigh Valley cement (from same plant as 22 and 31) 
12T Same clinker as 12, ground with Vinsol resin 
13 Limestone, Fuller's earth, From southeastern U. 8S. low alkali content 
kaolin, sand 
14 Limestone, sand, and ore From southeastern U. 8., high alkali (potash) content (from 
washings same plant as 24 ty 41) 
15 Limestone, cement rock, From Austin chalk district of Texas 
clay 
16 Limestone, clay, sandstone From Kansas gas belt 
16T Same clinker as 16, ground with Vinsol resin 
17 Limetone, shale From Ohio Valley, produced from commonly used raw materials 
18 Limestone, slag, sand From midwestern U. 8. large proportion of slag raw material 
18T Same clinker as 18, ground with Vinsol resin 
( acatmaReriet to ‘Type II ASTM C150-40T 
21 Limestone, shale Hideous V dw regular product 
21T Same clinker as 21, ground with Vinsol resin 
22 Cement rock, limestone Lehigh Valley cement, cement rock raw mix modified* to meet 
Type II ee (from same plant as 12 and 31) 
23 Mar! and clay From southeastern U. 8., regular product having high lime and 
low A/F ratio 
24 Limestone, sand and ore From southeastern U.S., high alkali (potash) content, modified 
washings composition (from same plant as 14 and 41) 
25 Limestone and shale From midwestern U.S., modified composition 


Corresponding to Type III ASTM C150-40T 


33 Limestone, shale 

33T 

34 Limestone, shale and 
quartzite 


31 Cement rock and limestone 


Lehigh Valley cement (from same plant as 12 and 22) 
From midwestern U.S. 
Same clinker as 33, ground with Vinsol resin 


From west coast, low in iron and alumina, high in silica (from 
same 528 as 42) 


( onresponding to Ton IV ASTM C150-40T 


41 Limestone, sand and ore 
washings 
42 Limestone, shale, and 
quartzite 
43 Seashells and clay 
43A Seashells, clay and 


shaley sandstone 


F rom sucihenstarn, U.8 high alkali (potash) content, modified 
composition (from same plant as 14 and 24) 

From west coast, high in silica, low in iron and alumina, modified 
composition (from same plant as 34) 

From west coast, relatively high slkali (soda) content, modified 
composition 


From same ‘smn and principal raw materials as 43, designed 
to meet a low alkali specification 


( sntee tench to Type V ASTM C150-40T 


51 Limestone and Seal 


From southeastern, U. 8., a cement meeting also strength 
requirements of Types I and II 


*The = ‘‘modified”’ refers to additions to or the selection of the raw materials to obtain the type 
desired, 
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TESTS OF CEMENTS 


Exhaustive laboratory tests have been made on each of the 27 test 
cements of the Long-Time Study and on the clinker from which each was 
made. The tests include chemical and petrographic analyses and deter- 
minations of physical properties of cements and mortars. Chapter 3 
of this report will present the principal results of these chemical and 
physical tests of the cements and mortars as determined in the Portland 
Cement Association laboratories. The petrographic studies of cements 
and clinkers will be covered in Chapter 4. 

It was decided early in the deliberations of the advisory committee that 
it would be to the best interests of the investigation to enlist partici- 
pation of responsible interested agencies in studies of the cements and 
of concrete made from them. It is believed that these supplementary 
investigations will add materially to the more extensive investigations 
carried out in the association laboratories. In accordance with recom- 
mendations of the advisory committee nearly all of the known tests for 
cement have been applied and there is an ample reserve supply of each 
cement for such additional tests as are likely to be devised within the 
probable useful life of the cements. 

It was estimated that 37,000 bbl of the test cements would be re- 
quired for construction projects, for use in laboratory testing and for 
a reserve supply for future tests. The quantity actually needed was 
only slightly less than the estimate. For 24 of the cements, the quanti- 
ties of each ranged from 1300 to 1900 bbl. For three of the cements 
only 450 bbl were needed. Cements were stored at the points of manu- 
facture until they were needed for construction or test purposes. The 
reserve supply, now consisting of at least 60 bbl of each cement, has 
been retained, packed in steel drums, to care for any reasonable demands 
of future testing. 


CONSTRUCTION PROJECTS 


Construction of the field projects was started in the late summer of 
1941 and completed in the spring of 1943. An idea of the magnitude 
of the construction program may be gained from a brief description of 
the test projects. 


Test roads 

The largest of the projects were the three test pavements totaling over 
six miles of 2-lane concrete highway located in three states, New York, 
South Carolina and Missouri. The three locations provide a wide 
range in climatic conditions under which comparison of cement  per- 
formance may be studied. Construction practices were those common 
to the locality in which the roads were built with no special requirements 
except for a few minor matters in which it appeared that uniformity 
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Fig. 1-1—Building the South Carolina test road, Oct. 1941 


SREP Perna 


of operations might be improved. It was the intention that the test 

pavements be closely representative of normal pavement construction. 

) Full cooperation by the Public Roads Administration and the highway 

departments of the states in which the projects are located made the 

undertaking possible. | 
The three test roads were very similar in most essential respects. 

Yach contained the same 24 of the 27 test cements. Each cement was 

used four times (five times in Missouri) in test sections well spaced 

throughout the construction in order to minimize possible effects of 

changing placing conditions, inequalities of subgrade or local differences 

in exposure. On all three the day’s work began with the placing of a 

section containing local (non-test) cement during which control of con- 

struction operations was established. 


Differences in the test sections were in general those associated with 
design and construction practices in the three locations. In New York 
i the pavement was a reinforced 8-7-8-in. cross section constructed half- 

width with two 75 by 12-ft slabs making up each test section. In 
South Carolina the pavement was of unreinforced 8-614-64-8-in. cross 
section constructed full width (Fig. 1-1) with test séctions 90 ft -long 
and 22 ft wide. Missouri used a 9-7-7-9 section constructed full width 
with test. sections 75 ft long and 22 ft wide. 

In New York there were two special purpose projects in addition to 
the main line of investigation common to all three test roads. One of 
these was for the purpose of studying the effect of quantity of mixing 
water, within ranges which might be encountered in the field. The 
other was to study the effect of air-entrainment on behavior of pave- 
ment subject to chemical applications used in ice control—the only 

portion of the Long-Time Study concerned with ice control chemicals. 
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Fig. 1-2—Loading 30-ft. reinforced concrete piles at Franklin Park, Illinois for shipment 
a to Cape Cod, Mass., Nov. 1941 


Six cements (3 non-air-entraining and their air-entraining counterparts) 
were used in the first of these special purpose projects and 12 cements 
(6 non-air-entraining and their air-entraining counterparts) in the 
second. There were four repetitions of each cement. 
Exposure to sea water and sulfate soils 

Concrete exposed to fresh and sea water is under study in four loca- 
tions. For this investigation concrete piles, 12 in. square in cross section 
and of different lengths, fabricated by experienced contractors, were 
installed in widely separated sections of the country. The effects of 
cement content and mixing water content were made a part of the 
study. In the East Mooring Basin of Cape Cod Canal, Mass., 66 30-ft 
piles (Fig. 1-2) representing 22 test cements were exposed to salt water 
and severe conditions of freezing and thawing. To provide a comparison 
in fresh water, 20-ft piles identical with those at Cape Cod except as to 
length were installed in Saugerties Harbor at the confluence of Esopus 
Creek and the Hudson River in New York State. Here the conditions 
of freezing and thawing are somewhat less severe than at Cape Cod 
Canal. For exposure to salt water in mild climate, locations were 
selected at Salt Run near St. Augustine, Fla. (Fig. 1-3) and at Newport 
Beach near Los Angeles, Calif. Sixty-six 30-ft piles using 22 test cements 
were installed at the Florida site and 24 piles 22 to 24 ft long with eight, 
cements went into the California installation. 
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Fig. 1-3 — Reinforced 

concrete piles in Salt Run 

near St. Augustine, Fla., 
Dec. 1941 





A study of concrete exposed to sulfate-bearing soils was undertaken 
at Sacramento, Calif. There a thousand 6 x 6 x 34-in. concrete beams 
have been exposed to natural alkali soils in two large shallow concrete 
tanks (Fig. 1-4), one containing soil from the vicinity which was very 
high in Na2SO,, the other containing soil from the same source in which 
about one-third of the NazSO, had been replaced by MgSO, This 
study, involving all 27 cements, included an investigation of cement 
content with respect to resistance of concrete to the aggressive action 
of sulphates. 


Concrete in thin sections 

Behavior of concrete made with each of the 27 cements in relatively 
thin sections exposed to severe weathering is under observation at two 
localities in the west, Florence Lake Dam in the High Sierras of east 
central California and Green Mountain Dam in the Rocky Mountains 
of Colorado. At Florence Lake Dam the test cements were used in the 
reconstruction of badly weathered walkway slabs (Fig. 1-5), forming 
the crest of 9 arches of a multiple arch dam. Each cement was used 
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Fig. 1-4—Concrete specimens in alakli soils, Sacramento, Calif. 
Dec. 1942 
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Fig. 1-5—Repairs to walk- 
way at Florence Lake Dam 
Left—Old concrete sur- 
face prepared to receive 
new concrete 
Right—C ompleted walk- 
way, Oct. 1942 





three times in sections of the slabs 3 ft wide and 10 ft long. The exposure 
is unusually severe at this location, 7300 ft above sea level, with minimum 
temperatures well below zero and daily fluctuations wide and rapid. 
At Green Mountain Dam (elev. 8000 ft) the test sections were parapet 
walls 16 in. thick, 3 ft 9 in. high and 9 ft. long. Each cement was used 
three times (some four times) at well separated locations in the wall. 
The exposure is probably at least comparable in severity with that at 
Florence Lake Dam but the type of test sections used at Green Mountain 
Dam may be somewhat less vulnerable to damage by weathering. 
Experimental farms 

For the study of near-job-size structures exposed to natural weather- 
ing, two experimental farms have been constructed; one in northern 
Illinois where conditions of freezing and thawing are severe in winter, 
the other in central Georgia where the exposure is comparatively mild. 
Approximately 2000 specimens of three types are under test at these 
locations, half at each farm. Simulating concrete pavement there are 
slabs, 214 x 314 ft in plan and 6 in. thick, cast in place on the ground. 
There are cast in place box-type specimens 2% ft on a side filled with 
soil and. water to represent concrete retaining walls (Fig. 1-6). For 
concrete sections partly in the air and partly in the ground there are 
columns of 8 x 8-in. cross section 5 ft long cast horizontally and exposed 
in a vertical position with 2 ft of their length embedded in the ground. 
For the:slab specimens there are three concrete mixes and three combi- 
nations of aggregate. For the boxes and columns there are six mixes 
and two combinations of aggregate. At the Georgia farm a fourth 
type of specimen was included: cast in place cubes 2) ft on a side, 
with two mixes and one aggregate combination. The farm projects 
provide a very large number of comparisons between cements with 
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different mixes, different aggregates and different types of specimens. 
In addition comparisons between different mixes and aggregates are 
possible. 


Inspection of field projects 

Performance of concrete in the field projects has been under close 
observation since each project was constructed. It is the usual practice 
to inspect each installation thoroughly at least once a year. In a few 
cases the interval between inspections has been increased. An inspection 
includes the careful examination of portions of test concrete containing 
each cement for surface indications of deterioration such as crazing, 
cracking, scaling or other defects. The presence of carbonate deposits, 
efflorescence and even discolorations for which there are no obvious 
explanations are noted. Observations are recorded with photographs 
to supplement the notes where written descriptions seem inadequate. 
On several projects sonic tests on control specimens are part of the in- 
spection. Usually two observers from the research laboratory of the 
Portland Cement Association have made the inspections and on several 
occasions members of the advisory committee have participated. 

From the foregoing it will be apparent that the possibilities of this 
investigation for producing valuable information regarding cement 
performance in concrete are almost limitless. The scope of the in- 
vestigation and the ramifications into which it may lead are such 
that is is impossible to outline completely the series of chapters that will 
be needed to present the results which may develop. The chapters 
which follow present the basic information necessary for the study of 
cement performance. These chapters deal with the manufacture and 
tests of cements and with the construction of the projects in which they 
are used. In later chapters the performance of cements will be con- 
sidered as significant developments unfold. 
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Fig. 1-6—A portion of 

the 1080 near-job-size 

structures at eorgia 

experimental farm, Feb. 
1942 
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available from ACI at 60 cents each—quantity quotations on request. Discussion 
of this paper (copies in triplicate) should reach the Instiiute not later than June 1, 1948 
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Analysis of Normal Stresses in Reinforced Concrete 
Sections Under Symmetrical Bending * 


By MICHEL BAKHOUM t¢ 


Member American Concrete Institute 


SYNOPSIS 


This paper presents an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric forces, with- 
out the usual procedure of dividing the section into small strips. A 
simple solution is also given for the case of simple bending. Both 
solutions are further simplified by the use of curves and tables, which 
apply to all arrangements of reinforcement and can be used for almost 
all practical cases. 


A procedure has been devised to apply the same methods to the 
case in which concrete in tension is taken into consideration, even though 
the modulus of elasticity in tension differs from that in compression. 
Examples are given for both cases. 


INTRODUCTION 


The problem of checking normal stresses in reinforced concrete 
sections under eecentric compressive or tensile loads which act in a 
plane of symmetry is an every day problem in reinforced concrete 
design. For small eccentricities within the kern of the section the prob- 
lem represents no difficulty. This paper deals only with eccentricities 
beyond the kern. 


A simple analytical solution has been developed for checking the 
stresses under eccentric compressive or tensile forces. Graphical solu- 
tions based on dividing the section into small strips had been developed 
by Spangenbergt and others. These solutions however are more la- 
borious than the method presented here. 

*Received by the Institute, March 25, 1947. 
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The case of simple bending has also been treated and the solution 
has been simplified by considering the total steel in the section as one 
unit acting at the center of gravity of the reinforcement. 


The proeedure for checking the stresses for both cases of eccentric 
forces and simple bending is by assumption and correction. In general, 
however, only one correction, if any, is required. 


The solution has also been further simplified by the use of curves 
and tables which cover almost all practical types of reinforced concrete 
sections and can be used together with any arrangement of reinforcement. 


This study forms Section I of this paper. 


According to the ordinary assumptions made in reinforced concrete 
design, concrete in tension is neglected. However, in the computation 
of actual deflections or stresses in reinforced concrete elements, this 
assumption leads to a wide disagreement between the computed and 
actual values, especially for the tension stresses in steel, and mainly 
at the lower and working stages of loading. For a more exact compu- 
tation, concrete in tension should be taken into consideration. Besides, 
in hydraulic structures or in structures subjected to injurious chemicals, 
where tensile cracks in concrete are objectionable, the maximum tensile 
stresses in concrete should be checked. ' 


This problem is dealt with in Section II of this paper. The modulus 
of elasticity for concrete in tension is considered different from that for 
concrete in compression. As far as the writer can determine, experi- 
mental work has not yet led to definite conclusions concerning the 
relative values of these moduli. In a group of tests carried out by the 
writer the moduli were found to be different. In any case, however, 
the values to be introduced in checking the stresses are those of the 
secant moduli of elasticity (not the initial values) and these are as- 
suredly different in compression and tension. A device has been made 
here to make it possible to check the stresses in this case using the 
methods, curves and tables given in Section I. 


Examples are given in which stresses are computed according to both 
assumptions and they show a wide discrepancy between the stresses 
computed for the two cases. 


This investigation was carried out mainly in 1940 at the Faculty of 
Engineering, Fouad I University, Giza, Egypt.* The writer acknow- 
ledges with thanks the supervision of Prof. W. 8. Hanna, head of the 
reinforced concrete department and Prof. H. Schwyzer, head of the 
metallic construction department. He is also deeply thankful to Prof. 


*"A New Method of Checking Normal Stresses in Reinforced Concrete Sections’, Bulletin 3, Rein- 
forced Concrete Section, Faculty of Engineering, Fouad I University, Giza ,Mgypt, 1944, 
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F. E. Richart of the University of Illinois for his valuable suggestions in 
preparing this paper. 





NOTATION 
P, M, f., fe, H, He, 2 and c are shown in the figures. 
E,, E. = Moduli of elasticity respectively of steel and concrete 
in compression. 
n = E,: EE, = Modular ratio. 

A, = Area of compressed concrete. 

A, = Area of the total reinforcement in the section. 

A, = Transformed area = A, + nA,. 
Ines Sno = Moment of inertia and statical moment of area A, 
about the neutral axis n—n. 
I, Spe = Moment of inertia and statical moment of area A, 


about the line parallel to the neutral axis through 
the point of application of the external force P. 

S.- = Statical moment of area A, about u—u, which is a line 
parallel to the neutral axis at the edge of the com- 
pression zone. 

IT ney Snoy Lys, Spe, Sue = Same as above for the steel area A,. 
Tn, Sn, Ip, Sp, Su: = Same as above for the transformed area A,. 
i, 8, a, B, y are as shown in Tables 5 and 6. 


Additional notations are given in Section II. 


SECTION I—CONCRETE IN TENSION IS NEGLECTED 


Sections subjected to eccentric forces 
Determination of the position of neutral axis: 

The section shown in Fig. 1 is subjected to an eccentric compressive 
force P acting at p. If the steel area A, is replaced by an equivalent 
area of concrete equal to nA,, then for any elemental area da we have: 
H—y 


~ 
~ 


j= 


Taking moments for the equivalent area about the line parallel to 
the neutral axis n—n through point p: 


f fda(y) =0 


f j.2—4 yda = 0 
f Hyda = Sv da. 


leis ge Se a oe 2s. Te ae (1) 
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Fig. 1—Eccentric forces 


This equation gives an easy analytical method for determining the 
position of the neutral axis by assumption and correction. The pro- 
cedure is as follows: 


We find first the values of n/J,, and nS,, for the steel (the definite 
portion of the section). Then we assume a reasonable position for 
the neutral axis and find the values of J,. and S,.._ The value of H 
can now be obtained by substituting in Eq. (1). If the obtained 
value of H differs from that assumed we find A/Z,, and AS,. for 
the portion of concrete between the two positions of the neutral 
axis, add or subtract as necessary and resubstitute in Eq. (1). 


The simplicity of the solution is due to the following: 

(a) The values of nJ,, and nS,, are constant. (b) For any reasonable 
assumption for H, the result obtained from Eq. (1) is almost always so 
close to the final result that only one correction, if any, is needed. (c) 
The correction is made merely by adding or subtracting A/J,, and AS,-. 
(d) Almost all practical types of reinforced concrete sections are composed 
of geometric figures for which the moment of inertia and statical moment 
of area can be directly obtained by a formula. Graphical methods based 
on dividing such figures into small strips require more time and work, 
besides being less accurate. 


In the case of very irregular sections or in the case of reinforced con- 
crete ‘sections subjected to unsymmetrical bending, where the com- 
pressed concrete area is sometimes a complicated one, it may be necessary 
to apply Eq. (1) semi-analytically by dividing the compressed concrete 
area into small strips and arranging the computations in the manner 
shown in Table 1. The values of nS,, and nJ,, are computed first, 
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TABLE 1—SEMI-ANALYTICAL DETERMINATION OF THE POSITION OF 
NEUTRAL AXIS 
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then the values of y da and y*da for the compressed concrete zone are 
computed for as many strips as make the value of H computed from 
Eq. (1) equal to the assumed value. 


It should also be mentioned here that the use of the known formula 


H = — for determining the position of the neutral axis is not practical. 


On 
It converges extremely slowly towards the exact value and thus too 
many trials will be required. Besides for each trial the whole work 
must be completely repeated. 
Determination of maximum stresses: 


Referring to Fig. 1, the sum of the normal stresses on the section 
should equal the external force P, thus: 


f faa = P. 
fi oy dé = fi. ay da = P. 


Pz Ps 





Thus CO ccc cece eee eeees 2 
J es HA iat Sp ( ) 
Taking moments about the neutral axis n—n: 
, 

PH = M, = f feV y da 
M,z 
ME eee 5 64 oly bade oso Raid © dale oleae sae 3) 

Tn 


where M,, is the moment of the external force P about the neutral axis 
n—n. 


In cases of large eccentricities the value of S, or HA —S, is sensitive 
and it is advisable to use Eq. (3) instead of Eq. (2). Eq. (1), (2) and (3) 
are applicable for eccentric compression as well as for eccentric tension. 
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Fig. 2—Examples of eccentric forces 


. Example 1: Check the stresses for the case shown in Fig. 2a. Take n = 15. 
nA, = 15 X 0.64 X 20 = 192 in.” 


nlp, = 15X0.64(6 X6?+2 X 10?+-2 x 1424-2 X 18° +2 XK 22? +6 X 26") 
= 62,300 in.‘ 
MS yp, = 192 K 16 = 3072 in.* 
Assume H = 20 in. 
Ine = (24 X 16%) / 12 + 24 XK 16 X 12? = 63,500 in. 
S,. = 24 X 16 X 12 = 4,608 in.’ 
From Eq. (1): 
125,800 
i= ——— «= (26a. 
7,680 
Assume H = 16.0 in. 
Alp = 24X 4 X 18? = 31,100 in.' 
ASp = 24X4X18 = 1,725 in.® 
Applying Eq. (1) 
94,700 F . 
H = = = 16.0 in. z = 12.0in. 
5,955 


S, = 1728 in.* 
From Eq. (2) 


200,000 «K 12 ; 

= OS —C—i = € s 

Te 1,728 1,390 psi 
200,000 * 10 . 
. = 1x ——- = 17,400 p: 
f Xx T7298 “ 


¥ 
4 Pp n 


I I ' 
In Table 2a the values of —” and — are computed for some different assumptions of 
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the position of the neutral axis. It can be seen from the results shown that when the 


oe 
formula H = 2 is used, any reasonable assumption for the position of the neutral 
A 
P 


axis will give a result which is very close to the exact position, while when the formula 


Bis = 7 
H = — is used an enormous number of trials is required. 


Example 2: Find the position of the neutral axis for the case shown in Fig. 2b. Take 
n = 15. 
nA,= 138 in.? 
n Ips= 325,000 in.* 
nS, = 6,400 in.’ 
Assume H = 48.0 in. 
39.6 & 19.8% 
x——— 
36 
= $25,000 in.* 

Spe = 784 X 41.4 — (144 X 45.2 + 128 XK 44.2)= 20,380 in.® 
1,150,000 
26,780 

Assume /7 = 42.0 in. 
A Ip. = 22.64 X 6 X 45.0? + 36.0 K 44.0? = 344,000 in.‘ 


Ine = 2 + 784 X 41.4% — (144 XK 45.2? + 128 x 44.2?) 


H = 43.0 in. 


A Spe = 22.64 & 6 X 45.0 + 36.0 XK 44.0 = 7,640 in.* 
806,000 , 
= — = 42.0 in. 
19,140 


TABLE 2—COMPARISON BETWEEN THE USE OF THE FORMULA H = ri 


Up 


AND THE FORMULA H = = 


On 


TABLE 2A 
Assumed position | Z, in. 8 10 1] 12 13 14 16 
of neutral axis H, in. 12 14 15 16 17 18 20 
ly , in. 16.4 | 16.04 , 16.0 | 16.0 | 16.0 | 16.0 | 16.32 
S, 
fn in, > | 26.7 | 187 | 16.0 | 13.8 | 13.0 | 12.7 
S, | 
Exact position of neutral axis H 16.0 in. 
TABLE 2B 
Assumed position 2, in. 8 12 12.8 | 13.6 | 14.4 16 20 | 24 
of neutral axis H, in. 36 10 40.8 | 41.6 | 424) 44 48 | 52 
in, 13.6 | 42.0 | 42.0 | 42.0 | 420 424 | 428 44.0 
f in. ve | 2000 | 72.8 | 42.4 | 29.6 | 20.4 14.0) 15.8 
Exact position of neutral axis H 42.0 in. 
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Fig. 3—Application to some common sections under eccentric compression 











NORMAL STRESSES UNDER SYMMETRICAL BENDING 471 


I I 
Table 2b gives a comparison of the values of — and — with the assumed and exact 
Op On 


values of H. The results affirm the conclusion made in Example 1 that & kives always 
Pp 

a very close result to the exact value of H. 

Application to some common sections by the use of curves:* 

The solution can be simplified further by writing the moment of 
inertia, statical moment of area and the area of the compressed con- 
crete portion in terms of a coefficient multiplied by some function of 
the dimensions of the concrete section. A table in the appendix gives 
the formulas made up of these coefficients for the cases of rectangular, 
triangular, circular “and pipe sections subjected to eccentric compression. 
Their coefficient values are given in Curves | to 4 and Tables 3 and 4. 

The equations for determining the position of the neutral axis for 
the cases shown in Fig. 3 are given in Table 5. 

In-the application of these coefficients for determination of stresses 
in reinforced concrete sections, it should be borne in mind that the terms 
rectangular, triangular, trapezoidal, circular ete. denote the compressed 


TABLE 5—EQUATIONS OF THE POSITION OF NEUTRAL AXIS FOR SOME 
COMMON CASES UNDER ECCENTRIC COMPRESSION 


Section Position of Neutral Axis Indication and Remarks 
H’ _ t+ a ae (4) H’ _ H . . nI ps gem MS ps 
Rectangular s+ Bi t bt® bt? 
a@, 8; from Curve 1 
Htettm | wots ¢ mie; pa oe 
— 8+ Bp; t bt® bt? 
Tee a, 8; from Curve 1 
Iya and Spa should be compute/d for the definite area Ag=nA,+Aa 
Heaett@ 6) | mat; 5a Me, , = Oe 
Triangular s+ Be es bt? ’ b,t? 
as, Bo from Curve 2 
Het tater am! met, 5a Me, ga Be 
Trapezoidal s+ hi * fer bt bt? 
rah 
b 
H’ - t + a Ditt (8) j H’ = H _ nl ps s = TS pe 
Circular s+Bs ons R’ Rs’ Rs 
a3, 83 from Curve 3 
; : S 
Heattoe | Wat. 5 a Mle, 5g Me 
Hollow s+B, ( R 5 tR3 1,” tk? 


. 
Circular a;, 84 from Curve 4 


*See also Bulletin 3, Reinforced Concrete Section, Faculty of Engineering, Fouad I University. 
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KS Let | b=22.64 * 


2a ee 


Gy ‘| 5/2 | 
: | Side 72%. Fteel ro bors of 
/2 Bars y, PcCOVEl 2” 0457h* Ca) COVEl=/6" 
Fig. 4—Examples 





concrete area and not the shape of the whole section. Thus Fig. 4a is 
treated as a triangular section and Fig. 4b as a trapezoidal section. 


It will be shown here that by the use of these coefficients stresses can 
be checked in a short time for almost all practical types of reinforced 
concrete sections subjected to eccentric compressive forces acting on 
an axis of symmetry and for any arrangement of reinforcement. 


The procedure in any case will be as follows: we determine the values 
of 7 and s and then from the curves we find the values of @ and 8 which 
fulfil the equation for H’. The values of maximum stresses can be 
obtained from Eq. (2) or (3). Tables 3 and 4 give J,, and S,, for cireular 
and hollow circular sections. 


For any case in which the compressed zone forms a rectangular, 
triangular, circular, or hollow circular section, the corresponding curves 
can be directly applied. Where the compressed zone is more compli- 
cated, the curves may still be applicable either by dividing this zone 
into a summation of some of the previously mentioned sections or by 
dividing it into a definite area to be considered together with nA, as 
the definite portion of the section, and an indefinite area consisting of 
one of the given sections. Thus for example, in Fig. 5 if the neutral 
axis lies as shown, Fig. 5a, 5d and 5e can be treated as rectangular 
sections, the section in Fig. 5b as a summation of a rectangular and a 
circular section, and the section in Fig. 5¢ as a hollow circular section. 
Example: Check the stresses for the case shown in Fig. 4a and 4b. Take n = 15. 
(1) Fig. 4a: 

n Ip, = 174,000 in.* 
nS», = 4,890 in.’ 
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Fig. 5—Examples 





; : Pee 174,000 es 
From Eq. (6): i = — ————m on 0.06 
22.64 X 22.64 
4,890 i 
*= 9064 x 22.68 ~ "7! 
11.32 
c’ = - m 0.5 


22.64 — 


From Curve 2: for z’ 0.76, i.e for H’ = 1.26, we find: 
, 


am = 0.602 and 0.581 
Applying Eq. (6): 
0.66 + 0.602 
ae - ‘ 1.26 
0.421 + 0.581 
Thus H = 28.52in. and z 17.2 in. 
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From Eq. (2): fo = 1650 psi and f, = 15,200 psi 
(2) Fig. 4b: 

n Ty, = 14,100 in.* 

Nn Sy = 824 in.* 
From Eq. (7): 

14,100 

"12 x 10.48 

____ 824 

** 12.0 x 10.42 
Assume z’ = 1.0 i.e H’ = 1.153 
From Curve 1: 

a = 0.509 and p, = 0.653 
From Curve 2: 

a, = 0.726 and ~, = 0.820 
Applying Eq. (7): 


H’ 


= 1.04 


~ 0.633 


1.04 + 0.509 + 0.5 X 0.726 
™ 0.633 + 0.653 + 0.5 X 0.82 
Assume H’! = 1.13 a6 2 = 0.977 
We get a, = 0.48 6, = 0.625 a = 0.671 B, = 0.77 
Applying Eq. (7): 





= 1.13 


, 1.04 + 0.48 + 0.5 X 0.671 

™ 0.633 + 0.625 + 0.5 X 0.77 _ 
Thus HW = 11.76in. and z = 10,16 in. 

From Hq. (2): 


fe = (N70 psi and =f, = 15,700 psi 
Sections subjected to simple bending 


1.13 


February 1948 


Considering a reinforced concrete section subjected to a couple Al 


in a plane of symmetry (Fig. 6), it can easily be seen that: 


H, = Bm aq Mme +" See 
nA, + A, 











Fig. 6—Simple bending 








ae 
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where //,, is the distance of the neutral axis from the chosen axis m—m. 
If the axis m~—m is taken through the center of gravity of reinforcement 
0,, We get: 


iH, —— i eee eee ee (10) 


where S,, is the statical moment of A, about the parallel to the neutral 
axis through o,. 

If the axis m—m is taken at the edge fibre of the compressed concrete 
uu We get: 


bs NSun t+ Su (11) 
nA, + A, es 


iq. (10) gives an easy analytical method for determining the position 
of the neutral axis. Hq. (11) may also be used. 
The value of f, can be obtained from the equation: 


Mz 
f, a . (12) 
Rian, = fe 


Kxample: Check the stresses in the section shown in Fig. 2a for a bending moment of 
2,000,000 in. Ib acting in plane y-y. Take n 15. 
na, 15s & 0.64 & 20 192 in.* 
Assume //, 2.0 in. 
From Eq. (10) 
24x 10X7 oe 
Il, 3.9 in, 
192 + 24 X 10 
Assume /7, 1.0 in. 
From Iq. (10) 
24xX8XS8 ; 
Hi, 4.0 in. z 8.0 in, 
1092 + 24 X 8 
A direct solution can also be obtained in this case by the use of a quadratic equation: 
24 2? 
Qo? (19 ~ 
r 192 (12 z) 
giving 2 8.0 in, 
From Hq. (12): 
fo 702 psi. Then f, 20,800 psi. 

The position of the neutral axis can be determined for the sections 
shown in Fig. 38 by the use of the equations given in Table 6. The 
values of maximum stresses can then be obtained from Eq. (12). The 
value of /,,. for circular and hollow circular sections can be obtained 
from ‘Tables 3 and 4 respectively. 

Alternative method* applicable to eccentric forces and simple bending 

If in Iq. (1) we put H = ¢ + 2z, transfer the axis for the values 7, and 

S, to the line wu and reduce, we get (Pig. 1): 


*See aleo “Analysis of Rigid Frame Concrete Bridges", Portland Cement Association, Chicago, Il 
e 


— 





pie kon aie ? 





a) 
{ 476 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1948 
f 
TABLE 6—EQUATIONS OF THE POSITION OF NEUTRAL AXIS FOR SOME 
1 COMMON CASES UNDER SIMPLE BENDING ~ 
in, Section Position of neutral axis Indication and remarks 
‘i ere: I 2’ i & Pa nA P 
ii Rectangular | 2! = —r 4+ yr* + 28. (13) Se bt 
. , ro nSus 
; | bt* 
; if . If the neutral axis lies in the web Oey maps A, + Aa 
i ce a ° ’ F 
i bi oe Ee 24 Ds . (1 l bt 
Z r+ vr? + 28 .(14) NSu + Swe 
4 bt? 
' ; 2’ 2 pf - nA, 
} Triangular 2’) = 3(s — re’)...... (15) ;° int 
t a ol Ws 
' bt? 
Hat + Bus (16) oo ak Was 
Circular [—“- "? ies \Wegtete 5 Malinalie 


Bus; yafrom Table 3 


Hollow , 8 + Bus , z nA nS, 
= - | i: ; ‘ os gm Hus 
Cireular > db % (If) | 8 oe 


Bus; ya from Table 4 





~~ ee — - — — 


I Su 
a a ¢: phi age ad -. (18) 


S, aks Cy A, 
where I, = Jy. + nly, = Moment of inertia of the transformed section 
about uw-u. S, = Sy + nS, = Statical moment of the transformed 


section about u-u. A, = A, + nA, ‘Transformed area. 
If we put c = © in Hq. (18), we aaa: 
S,, : 
OD Sg aa ee lee, aoe a rr ere ee ree | 
Ay 


which is identical with Eq. (11) for simple bending. 

The use of Eq. (18) may be advisable in the case of eccentric forces 
with very large eccentricities, where the application of Eq. (1) may 
require an accurate computation of the value J, / S,. However, it has 
been found that in such a range of eccentricities, it is sufficiently accurate, 
in most cases, to consider the effect of the moment alone and use Hq. 
(11) and (12) of simple bending. 


SECTION II—CONCRETE IN TENSION IS CONSIDERED 
Notation 


Besides the notation given before: 
Ek, = Modulus of elasticity of conerete in tension, 
¥ = ky : E, 


es 
se 


LE ERT I Me A gE Re eg FE ee OE Se ge OE FET EGE RR 
> 
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Ss 
” 
{ cy, 
! 
cr & Lbs t nod 
Strain Srress 


Dislribilion §=$LDstribition 


Fig. 7—Effect of concrete in tension 


p | 7 
A Total area of concrete in the section. 
A Area of concrete in the tension zone. 
Aa Definite area of the section. 
Indy Sana Moment of inertia and statical moment respectively 
for the definite area Ay about the neutral axis. 
I pa, Spa moment of inertia and statical moment for the definite 


area Ag about the parallel to the neutral axis 
through P. 


General theory 

Consider the section shown in Fig. 7, which may be subjected to any 
type of loading giving the normal stresses shown. Assuming that the 
strain distribution is linear and that the maximum tensile stress in 
concrete has not been exceeded, then, if «, «, «., «& be the maximum 
strains for concrete in compression, concrete in tension, steel in com- 
pression and steel in tension, respectively, we have: 


ti €, E, fe €: Oe 
, ok. ae | 
u te S Vey t 
te e: Ey Ye 7 
But J = 
ye Ye 


Thus fy vS's . 


i ele ..(20)a 


This relation is also valid for all other points on the tension side. 
For steel in the tension side 








Spee 


a etiips<aheliedkndanaetiteedae 
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oe gtevi- 
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fi = E, é = pf 


where f,’ is the ordinate of the linear stress diagram at point I. 


Thus 


EE Reset TN ob oe lowe os .. .(20)b 
Similarly for the steel on the compression side 
Se oe ee sk kas coco ee es (2)e 


If f denotes the ordinate of the stress diagram at any point on the 
compression side and f’ denotes the ordinate at any point on the ten- 
sion side measured on the linear extension of the compression diagram, 
then the force in an elemental area da is given by: 


dF = f (da) for an elemental concrete area da in the compression 
side. 

dF = f’ (yda) for an elemental concrete area da in the tension side. 

dF = f (nda) for an elemental steel area da in the compression side. 

dF = f' (nda) for an elemental steel area da in the tension side. 


It can be noticed that the elemental force in each case is represented 
by the ordinates of the ordinary linear stress diagram multiplied by 
the transformed elemental areas obtained from multiplying the elemental 
area da by the factors 1, y, n and n respectively in the four above cases. 
The total transformed area A, is given by: 

a a 2 a (21) 

The following method has been attempted in order to treat the prob- 
lem of determining the position of the neutral axis under any bending 
stress in a way similar to that given for the case in which conerete in 
tension is neglected: 

We consider the reinforced concrete section as composed of two 
parts: 
(1) A definite area consisting of n times the total steel area plus 
+ times the total concrete area A. 
(2) An indefinite area consisting of p times the compressed con- 
crete area A, where p = 1 — y. 

Actually Section I represents a special case in which y = 0, p l. 
Thus the definite area equals nA, and the indefinite area equals A.. 
Eccentric forces 

Considering the reinforced concrete section (Fig. 8a) which is sub- 
jected to an eccentric force P acting at p, the definite area Ag consists 
of yA + nA,, and the indefinite area, of p A,. The position of the 
neutral axis is given by: 

I SE ee (22) 
Sp Sopa + pS»y- 
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Fig. 8—a. Eccentric forces, concrete in tension considered 


b. Simple bending, concrete in tension considered 
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where I,¢ and S,¢ are the moment of inertia and statical moment of the 
definite arew about the parallel to the neutral axis through p, and J,, 
and S,, are the same for the indefinite concrete area A,. 


The exact value of H is obtained from Eq. (22) by assumption and 
correction. The values generally converge very rapidly towards the 


, oa 
exact value. For the first assumption, the term at gives generally a 
— pd 
good approximation. If the first assumption is not correct we have 
merely to add or subtract A(p/,-) and A(pS,-) to the values of J, and 
S, in Eq. (22). 


The maximum stresses are given by: 





Pz Py: Py 
Co = - 2 = : . (23) 
f S. fe ¥ 8, ’ n S, ) 
where S, = Sna + pSne or, 
M,2 May: e M,, Ys 
c= —_— = ———— iP = rn ——.. . (24) 
f z. spate 2 : I, 


where 1, is the moment of P about the neutral axis, and I, = Ina + pl nc 


Curves 1 to 4 together with Eq. (4) to (9) ean still be used in exactly 
the same way as in Section I with the only alteration that: 


1 , , ; 
nI,, Should be changed to — J,a in computing the values of 7 


: (25) 


e ba . 
nS»; Should be changed to — S,a in computing the values of s 
p 
Simple bending 
Referring to Fig. 8 b, the transformed area consists of the definite 
area Ag = y A + nA, and an indefinite area p A.. If 0, be the center 
of gravity of the definite area, then it can be proved that: 
Soe Soc 
A a on lg 
Z, Aa t pA. 
where S,. is the statical moment of the area A, about the parallel to 
the neutral axis through oz. 
If we refer to the line u—u: 


ec (27) 


Aa + pA, 


Either Eq. (26) or (27) can be used for finding the position of the neutral 
axis in the same way as shown in Section I. 
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Fe $0.07 
oe ae ——_ 
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4 ; ke = 68 psi __ f= 856 p3/ 
4p Vy —- : — 
* © — .s =—— 
N == 2 
<P ib uy Ee 
N a 2 
2-59 5 3 2 
y/ 
| a9 v3 £. 5400, 
on fn Zdeesi l= (0,700 psi. 
3 2 
Steel — As +70. 82 Uh 
CG af 228 in from fq0 
edge a J ce = 22/90 I.7 
Fig. 9—Example 
The values of maximum stresses are given by: 
Mz M y: M ys 
i= =  £ac— ee 2a eee Gs ae (28) 
I, I, I, 


where J, = Ina t+ p Ine. 
Eq. (13) to (17) can still be used in the same way as in Section I 


with only the alteration that: 


nA, should be changed into Aq in computing r 


p 
sn eee 
, , en's , 
nS,s should be changed into — S,¢ in computing s 
p 
Example: Check the stresses for the case shown in Fig. 9. Take n = 15 and y = 0.7. 





Using Eq. (4) and (25): 
° i — 
1=- where p = 1 — 0.7 = 0.3 
pbt 
0.7( ee 12X36 X 32?) + 15(2190+ 10.82 x 36.28") 3.15 
= : . —— v4 00 o2~ OL ele O04 .20~ = -10 
0.31236) of . 
Spa 
s = — 
phi? 


] 
= 0.3x12X362 (0.7 X 12 X 36 X 32 + 15 X 10.82 X 36.28) = 3.01 
+t « , 





oe ie ee ee 





= = 


seit ila etait eth apie wai pth 


" rer 
ia a fe i a 


ca rea ae 
ewe bg 




















482 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1948 


From Curve 1, for 2’ = 0.62 i.e. H’ = 1.01 


on, = 0.30 Bi = 0.41 
ye = 215 +030 oo) 
3.01 + 0.41 


H = 36.4in. and z = 22.4 in. 


22.4? 
S, = 0.7 X 16.0 X 36.0 X 4.4 + 15 X 10.82 X 0.12 + 0.3 & 16.0 x =o 2980 in.* 


From Eq. (23): 
fe = 698 psi f. = 5400 psi f;: = 296 psi 
If concrete in tension is neglected: 
fe = 836 psi f. = 10,700 psi and z = 18.4 in. 


The difference between the stresses for the cases of neglecting and of 
considering the action of concrete in tension varies according to the 
shape of the section, amount and arrangement of reinforcement, type 
of loading, and the relative moduli of elasticity for concrete in tension 
and in compression. In many cases, the difference is very large— 
especially for the tensile stress in steel. Experimental work has shown 
that the neglection of the effect of concrete in tension is the main cause 
of discrepancy between the computed and actual stresses at the first 
stages of loading. The results of this work will be given later in another 


paper. 
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Creep of Steel and Concrete in Relation to 
Prestressed Concrete* 


By GUSTAVE MAGNELt 


Member American Concrete Institute 


SYNOPSIS 


The author outlines methods and results of creep tests performed 
on three different samples of steel wire under constant load and constant 
length conditions. Preparation of concrete specimens prestressed by 
use of these same wires is described. Load tests on these specimens and 
non-prestressed concrete are compared and the differences in defor- 
mation are attributed to the combined creep of steel and concrete. Re- 
sults of creep tests on steel alone are applied in order to ascertain creep of 
concrete alone. Concrete shrinkage, steel strains, and steel and concrete 
creep are considered in recommending an anticipated percentage loss 
of prestress for design purposes. 


INTRODUCTION 


The idea of prestressing concrete was born nearly as soon as rein- 
forced concrete came into use on an industrial scale. However, no one 
succeeded in establishing a permanent prestress before Freyssinet, some 
twenty years ago, demonstrated that the losses of prestress which 
occurred, were due to the creep and shrinkage of the concrete. He also 
showed that the effect of these phenomena could be decreased consider- 
ably by the use of steel with a very high elastic limit; such steel bars 
or wires undergo a large elongation during stretching, and consequently 
the loss of stress due to creep and shrinkage is only a small percentage 
which may be taken into account by'the designer. 

In 1944 the author, on the other hand, called attention to the fact 
that the steel used is also subject to-creept, the effect of which on the 
loss of prestress is sometimes higher than that of the creep of concrete. 
~ *Received by the Institute March 31, 1947. 
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The purpose of this paper is to give results of creep tests on concrete 
and steel as they were made in the author’s laboratory, and to draw 
conclusions from these results in the field of prestressed work. 


CREEP OF STEEL 
Characteristics of the steel tested 
Three different kinds of cold drawn steel wire were used: 
wire of 5 mm, called 5-I 
wire of 5 mm, called 5-III-B 
wire of 7 mm, called 7-I-B 
These steel wires have the following characteristics: 





5-1 5-I1I-B 7-I-B 
Elastic limit........... 185,000 psi 238,000 psi. —«187,000 psi 
Tensile strength........ 216,000 psi 245,000 psi 207,000 psi 
Young’s modulus 
at 120,000 psi. 26,700,000 psi - —— 2 
at 0.8 elastic limit — 29,100,000 psi 29,100,000 psi 
at 0.6 tensile strength —_— 29,400,000 psi 29,400,000 psi 
Elongation on 7.2 diameters: 8 percent 8.6 percent 10.2 percent 
480°000 —— 
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The above values assume loading at a rate of 450 lb in 15 seconds; 
the elastic limit is the stress giving a permanent elongation of 0.2 percent. 

Fig. 1 gives the stress-strain diagrams of these three kinds of wires. 
It should be noted that the wire actually used in Belgium is 5-1; the two 
others are trial products made by a Belgian factory in order to improve 
the quality; the products obtained have the great advantage of having 
a stress-strain diagram which is a straight line up to stresses far beyond 
those used in practice. This is not the case for the wire 5-I generally 
used. 

It should also be noted that the elastic limit mentioned above, has 
no physical significance and is quite artificial; engineers are accustomed 
to speak of the elastic limit of mild steel—in that case it really exists 
and the idea has been extended to cases where it no longer corresponds 
to any physical reality. 

The author believes that in specifications the elastic limit should be 
omitted and replaced by Young’s modulus; in the experimental measure- 
ment of this modulus one should carefully specify the duration of the 
passing from zero to the considered stress; ¢he importance of this duration 
is a clear consequence of our creep tests on steel. 

Creep under constant load 

For measuring the creep under constant load, a wire about 7 ft 2 in. 
long was hung on the ceiling and supported at its lower end a constant 
weight; an elasticimeter operating on a basis of about 5 ft 10 in. was 
used. 

The following tests were made with two identical arrangements of this 
type. 

Wire 5-I 
First Trest—The stress of the wire was driven up to 123,000 psi in 
2!4 minutes; the elongation read immediately after this was 0.315 in. 

Froin this point on the increase in deformation was measured, first 
at short, later at long intervals. Fig. 2 gives the result of these measure- 
ments. 

Tests were conducted in a room where temperature varied as much 
as 5 to 7 degrees, the average temperature being 64 F; all measurements 
were made at the same temperature with an error of + 2 F. 

The conclusions drawn from this test are: 

The creep of steel is very high during the first hour and remains im- 
portant during the first 20 hours; then its intensity decreases gradually 
without however having reached its final value after 2 months. 


It seems reasonable to assume that the final creep is 10 percent higher 
than after 2 months, which gives 16.2 percent of the initial elongations. 
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Seconp Trst—The stress of the wire was driven up to 137,000 psi 
in 2144 minutes, then kept constant during 2 minutes and finally brought 
back to 123,000 psi. 

The elongation read immediately after this was 0.353 in. Fig. 2 
gives the result of these measurements. 

The first conclusions drawn from this test are: 

The creep is considerably reduced in comparison with the first test; 
its final value seems to be 7.3 percent of the initial elongation. 

This decrease is due to the fact that during the 2 minutes the stress 
is kept at 137,000 psi, the wire takes the same creep as in the first 4 or 
5 hours under 123,000 psi. 

Wire 5-III-B 
Fig. 3 gives the diagram of creep under two different constant stresses: 
1. 147,000 psi (0.6 of the elastic limit) obtained in 2% minutes; 
initial elongation 0.355 in. 
2. 188,000 psi (0.8 of the tensile resistance) obtained in 3 eae 
initial elongation 0.453 in. 

It is concluded from these tests that for the stress of 147,000 psi (much 

higher than 123,000) the creep is far below the one measured for the 
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wire 5-I at 123,000 psi; the wire must be loaded up to 188,000 psi be- 
fore the creep reaches the magnitude observed on wire 5-I at 123,000 psi. 
Wire 7-I-B 
Fig. 4 gives the diagram of creep under two different constant stresses: 
1. 125,000 psi (0.6 of elastic limit) obtained in 2!5 minutes; 
initial elongation 0.335 in. 
2. 150,000 psi (0.8 of tensile resistance) obtained in 2!5 minutes; 
initial elongation 0.405 in. 

From this test it is concluded that the creep for a stress of 125,000 
psi is almost negligible; at 150,000 psi the creep is comparable to that 
observed on wire 5-I at 123,000 psi. 

Creep under constant length conditions 

In order to measure the decrease in stress of a wire stretched between 
fixed points, wires 82 ft long were stretched close to the ceiling parallel 
to the longitudinal axes of a long and narrow corridor. This ceiling 
was supported by the very stiff steel frame of a seven-story heavy build- 
ing and covered the ground floor of it. 

Two steel channels were fixed against the steel frame of the building, 
at each end of the wire. These channels were placed with their webs 
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horizontally, leaving 1 in. open space between the two webs at each 
end; the wire passed through these spaces and was fixed immediately 
outside them to steel fittings (thick plates) which were pressed by the 
pull of the wire against the channels. 

At one end, the fixing plates of the wire rested directly against the 
channels; at the other end, the fixing plates rested against the channels 
by means of two adjustable screws, screwed in a thick steel plate fixed 
on the channels. At this same end, a steel cable was attached to the 
fixing plate permitting the application of a known weight to the wire; 
the cable passed round a wheel with ball bearings in order to change 
its direction from horizontal to vertical; the bearings of the wheel were 
fixed to the building. 

Wire was stressed by the following method: 


With a known weight on the cable, the fixing plate, at one end was 
pulled against the channels, while the plate at the other end got fiirther 
and further from the channels. 


When the required load was applied, contact between the fixing 
plate and the channels was established by means of the adjustable 
screws. The cable could then be unloaded while the wire remained 
stretched. 


If, at a given moment it was desired to measure the stress in the 
wire, we applied a gradually increasing weight to the cable until the 
screws no longer pressed against the channels; the exact moment when 
this occurred was noted by the fact that a thin steel sheet placed between 
the points of the screws and the channels became free and fell out. 
Knowing the weight applied to the cable, wire stress at that moment 
could be determined. The following two tests were made in this way. 
First Test—Wire 5-I was stressed up to 123,000 psi. 

At regular intervals, first frequently, then less frequently, the remain- 
ing stress in the wire was measured. Fig. 5 gives in curve (3) the dia- 
gram obtained; the ordinates are the loss in total effort acting in the 
wire. 

It is concluded that: 

The loss in stress occurs mainly in the first hours and is completely 
finished after 12 days. 

The total loss is 12 percent for an initial load of 123,000 psi established 
in 214 minutes. 

Seconp Trest—Wire 5-I was stretched up to 137,000 psi in 214 minutes; 
this was kept constant 2 minutes and then the stress was brought back 
to 123,000 psi. Curve (4) of Fig. 5 was thus obtained. 

The conclusions are the following: 
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The creep occurs very quickly and is finished in a little more 
than 2 days. 
The total creep is no higher than 3.6 percent. 

Note that it was not considered necessary to measure the creep under 
constant length of the wires 5-III-B and 7-I-B as the creep under these 
conditions was obviously very small for these wires. 

Summary of conclusions 

For the wire 5-I under constant load: 

1. The initial elongation.increases about 16 percent for the stress 
of 123,000 psi. 

2. This increasé is only 7 percent when the wire is first stressed 
to 137,000 psi, stress held constant 2 minutes and then lowered 
to 123,000 psi. 

For the wire 5-I under constant length conditions: 

1. The decrease in stress is 12 percent for an initial stress of 123,000 
psi. 

2. This decrease drops to 4 percent when the wire is first stressed 
to 137,000 psi, the stress held constant 2 minutes and then 
lowered to 123,000 psi. 


CREEP OF CONCRETE 
Definition of terms 


When a concrete prism is loaded axially up to a certain stress, it takes 
an instantaneous strain 6;; if the load is kept constant during a certain 
time, the strain increases up to 6. 

We call creep coefficient, the value 
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C =“ 
6; 
The creep is very difficult to measure* as the shrinking occurs at 
the same time and it is difficult to separate the two effects. 
Characteristics of concrete used in the tests 
One cu yd. of concrete contained following: 
18.4 cu ft crushed stone 3/16 in. to 34 in. 
8.4 cu ft crushed stone 5/64 in. to 3/16 in. 
10.2 cu ft river sand 0 to 10/64 in. 
680 Ib cement 
4.1 cu ft water 
The concrete was energetically vibrated and three groups of test 
pieces were made, each group containing two main test pieces, marked 
as follows: 


Group I I Fy I Ry 
Group II I Fe I Re 
Group III Ii F IIR 


Table 1 gives the characteristics of this high quality concrete. 

All the test pieces were cured in the open air with a roof above them. 
They were cast at temperatures between 32 and 40 F; during the years 
of curing they were subject to normal Belgian temperatures. 


*Several authors (Glanville, Bolomey, Dutron, for example) have measured the creep of concrete. 
They generally find figures far above those given here. 


TABLE 1—CHARACTERISTICS OF CONCRETE TESTED 











Young’s modulus, psi, Breaking stress, 
Age, | at a stress of psi 
| days — sanene ER 
720 psi 1440 psi compression | bending 
7 | an 5,150 | 766 
| 28 | 6,050,000 | 5,400,000 8,770 | an 
Group I 57 | —_ - 8,880 910 
92 | 6,130,000 | 5,560,000 | 9,150 | 905 
210 oe - | 9,300 | 940 
435 6,520,000 5,930,000 | 10400 | 1,270 
7 | | 5,790 | 857 
| 28 | 5,630,000 | 5,080,000 | 9,000 | 1,030 
Group II 56 | 5,780,000 | 5,370,000 | 9,320 | 970 
| 90 | ani — 9,640 1,030 
| 210 be ome 10.700 | 1,000 
| 435 |__ 8,900,000 | 6,160,000 | 12,700 | 1,300 
10 | ~ 7,430 | 855 
28 | 5,350,000 | 5,000,000 7,720 900 
Group IIT | 59 | 5,800,000 | 5,370,000 | — 10,000 | 920 
210 | —_ | _ | 11,000 1,150 
435 | 6,150,000 | 5,650,000 | 11,500 | 1,180 
| 
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CREEP TEST OF CONCRETE UNDER PRb STRESS 
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Nature and size of the test specimens 
Group I. 

1—One prism I F, 24 ft 6 in. long, cross section 91% x 11%4 in., was 
placed on two supports 23 ft apart. It had been prestressed at 28 days 
with a cable of 32 wires of ,* in. diameter (steel 5-1); the center of the 
cable was at the lower edge of the central core; the steel had been stressed 
initially up to 120,000 psi. 

Fig. 6 gives the details and the stress diagrams both at mid and at 
quarter span; the diagrams give the stresses due to prestress and dead 
load, 

2.—One prism I R, of the same cross section, but only 6 ft 6 in. long, 
was placed on round rods so as to permit its free expansion. ‘This prism 
was not prestressed and was used as reference. 

Besides these two prisms, the following smaller test pieces were made: 

6 prisms 8 x 8 x 18) in. for Young’s modulus 
6 prisms 6 x 6 x 24 in. for bending tests 
6 cubes 8 x 8 x 8 in. for crushing tests. 


Group II. 


1.—One prism I F, identical to I F, but differently prestressed, had 
a superimposed load of 102 Ib per ft besides the dead weight of 120 
lb per ft. (Fig. 7). 

The prestressing was done at 28 days with a cable of 26 wires of 4’, 
in. diameter stretched initially up to 120,000 psi. The axis of the cable 
was slightly above the lower edge of the central core so that under pre- 

















CREEP OF STEEL AND CONCRETE IN PRESTRESSED CONCRETE 495 


CAEEP TEST OF CONCRETE WIDER PRESTRLESS 
| 
ib p= 402 lbs per ft iA 
\ 


' 
fA Ah Akt hhh ek kok kk kk kk 8 


—s! 


i ! 
Or iB . iA 


23°-0 











,675 lbs.p. pq.inch 680 lbs. p.og,jnch 
: f ] a 
¥ Z acme 
Jus Za 
i ] ~ fe 
ba) 
t . Fs 4 F a Fo - } — 
j i \ | 1000 Ibs.p sq. inch ,¢0lbs.p.9q inch 
B.B A.A 
Fig. 7 


stressing alone, the compressive stresses at the top and lower fibres 
were respectively 78 and 1680 psi. 

2.—-One prism I Re identical to I R,. 

Besides this, the same secondary test pieces were made as in Group I. 
Group IIT. 

1.—One prism II F 16 ft 4 in. long with cross section of 11 x 14%4 in. 
was placed on five bearings allowing complete freedom of expansion 
(see Fig. 8). It was prestressed at 28 days by means of two cables of 
32 wires of 3/10 in. each, placed symmetrically, the one above, the other 
below the axis and stretched up to 116,000 psi. 

This gave a uniform compression in the concrete equal to 1440 psi. 

2.—One prism II R identical to I Fy and I Fs». 

Besides this, the same secondary test pieces were made as in groups 


and II. 


Outline of the tests 


The six main prisms were provided with fittings on the three accessible 
sides in view of allowing the measuring of the variations in length by 
means of the deformeter of Huggenberger. 

For the three prestressed prisms, deformations were measured during 
the prestressing operation made at the age of 28 days; this effect in- 
chided of course that of the dead and superload. 

These results served as reference values. 

Then the changes in length between adjacent points were measured 
at varying intervals. These changes were caused by the following: 
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_ 1. Shrinkage of concrete 

2. Temperature changes in the air 
3. Moisture changes in the air 
4. Creep of concrete 


or 


Creep of steel. 


At the same time measurements were started on the prisms just pre- 
stressed, similar measurements were begun on the three non-prestressed 
prisms. Changes in length of the latter were due to the same causes 
with the exception of the two creep effects. 


Consequently, the differences in length variations between two prisms 
of the same group (a prestressed one and a non-prestressed one) are 
bound to give the combined effect of creep of concrete and steel. 

Since some knowledge of the creep of steel is available it should be 
possible, at least approximately, to separate the effect, of creep of con- 
crete from that of creep of steel. The following detailed results will 
clarify this statement. 


: 
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Results of tests 

The strain created during the prestress operation is called 46;; its 
variation after this in course of time is Aé; the strain in function of time 
measured on the non-prestressed test pieces is AS. The curve Aé; — AS 
represents the effect of creep of concrete and steel. 

Fig. 9 gives the curves Aé; — AS in function of time for the different 
cases considered. 
Interpretation 

At the age of 800 days after prestressing for the three groups, one 
can read on the diagrams the values of Aé; — AS and so obtain the com- 
bined effect of creep of steel and concrete as shown in Table 2. 


l l 


TABLE 2—COMBINED EFFECT OF CREEP OF STEEL AND CONCRETE 








5; Aé; — AS Concrete 
stress, psi 
Sicha I mid span 275 X 10-6 240 X 10-6 1300 
P quarter span 301 X 10-6 281 xX 10* | 1340 
‘ mid span 138 x 10-6 160 < 10-6 880 
Group II quarter span 163 X 10-0 172K 10* | 940 
ee a ie i ; |-—— 
4 mid span 287 X 10-* 275 X 10-* | 1440 
Group IIT quarter span 287 X 10-6 275 X 10-¢ 1440 
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Hence if the creep of the concrete had occured under constant com- 
pression, it would be measured by the following values: 


Group I mid span C = 1.87 
‘quarter span 1.93 

Group II mid span 2.16 
quarter span 2.06 

Group III mid span 1.96 
quarter span 1.96 


But the creep of the concrete occurred under decreasing stress so 
that the value of the creep coefficient must be higher than the values 
given above. 

In order to correct these values, note that: 

a.—If the wires were stretched between fixed points, the loss of 
stress would be in the end 12 percent, which corresponds to a 
strain of 
0.12 X* stress 


Young’s modulus. 
b.—Owing to the shrinking of the concrete, the wires have a loss 
of strain equal to (see p. 499, section on shrinkage) 
200 X 10°. 
c.—Owing to the creep of the concrete, the steel wires get a loss 
of strain equal to about 
Aé; — AS. . 

All these causes interact so that their effect is overestimated by adding 
them. Table 3 is based on the foregoing remarks and gives in its end 
column the variation in the steel stress. 

This variation occurs gradually so that it is reasonable to take only 
half its intensity into account when one wishes to estimate the value that 
Aé; — AS would have had if this variation had not occurred; let us finally 
assume that Aé; — AS varies proportionally to the loss of steel stress 
as long as this loss is not greater than the one calculated. 


TABLE 3—VARIATION IN STEEL STRESS 





























0.12 stress 
_of steel 46; — AS Variation 
Young’s | 200 x 10-° (From Sum in steel 
modulus Table 2) | stress, psi 
“mid span | 540  10-*| 200 « 10-*| 240 « 10-*| 980 & 10-*| 26,300 
Group I | quarter span | 540 X 10°; 200 & 10-°| 281 & 10-*|1021 & 10-*| 27,300 
mid span 540 X 10-*| 200 x 10-*| 160 « 10-*| 900 & 10-*| 24,000 
Group II | quarter span | 540 X 10-5) 200 x 10-*| 172 & 10-* 912 «K 10-6 24,500 
mid span | 520 X 10-*| 200 x 10-*| 275 x 10-*| 995 x 10-*| 26,700 
Group III) quarter span | 520 x 10-*| 200 K 10-*) 275 x 10-*| 995 & 10-| 26,700 
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TABLE 4—CORRECTED VALUES OF C 


4 steel stress Variation in Corrected |Corrected 
| Variation | Ads; — AS Aé; — AS value C 
steel stress 
mid span 0.109 26 xX 10-¢ 266 X 10° | 1.97 
Group | quarter span 0.113 31 X 10-8 311 X 10-6 2.02 
mid span | 0.100 16 X 10-* | 176 X 10-6 2.27 
Group II quarter span | 0.102 | eh. an 189 X 10° | 2.15 
mid span 0.115 32 X 10-6 307 X 10° | 2.06 
Group III quarter span 115 | 32 x 10° 307 X 10-* | 2.06 


This remark allows formulation of Table 4 which shows that C varies 
from 1.97 to 2.27, the average being 2.12. Since these values are ad- 
mittedly too high at 800 days, let us adopt a reasonable value of 2.2 
for safety. 

Shrinking after 28 days 

For air cured concrete, the generally accepted value of shrinking is 
400 X 10°° of which half is developed at 28 days; shrinking after 28 days 
is thus 200 * 10°, 

On the accompanying diagrams the following values at 800 days are 
found: 

158, 158, 168, 168, 197 and 197 * 10-6 
with average of 174 X 10-® this indicates that the generally accepted 
value is not far wrong. 


LOSSES OF PRESTRESS DUE TO CREEP 


Basis of estimation 
Considering a prism prestressed up to 1440 psi with a cable stretched 
up to 123,000 psi (wire 5-1), the concrete is assumed to have a crushing 
strength on 8-in. cubes at 28 days of about 8700 psi. 
The shrinking gives a strain of 
200 & 10°°. 
To this corresponds a loss in steel stress of about 
26,800,000 200 & 10-§ = 5360 psi. 
The creep of concrete with a creep coefficient C = 2.2 gives, if it 
exists alone, a strain variation of 
(2.2 — 1) X 287 X 10° = 346 X 10° 
to which corresponds a drop in steel stress equal to 
26,800,000 * 346 & 10° = 9300 psi. 
Consequently, the remaining steel stress after the two losses already 
considered is 
123,000 — 5360 — 9300 = 108,340 psi. 





_ Stress would be 
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The creep of steel now gives a loss of 12 percent , say 13,000 psi; the 
remaining stress is then 
108,340 — 13,000 = 95,340 psi — 
or the 78 percent of the initial stress (loss 22 percent). 
If the steel were overstressed during 2 minutes up to 137,000 psi 
as explained previously, the loss of steel stress due to the creep of the 
steel would be reduced to 4 percent, say to 4400 psi, so that the remaining 


108,340 — 4400 = 103,940 psi, 
Which is 84 percent of the initial stress (loss 16 percent). 
The details of the losses correspond then to the following figures: 
shrinking 5360 psi 
creep of concrete 9300 psi 
creep of steel 4400 psi 
total loss 19,060 psi or 16 percent 
As all values have been rather exagerated designs may be considered 
safe if a 15 percent loss of prestress due to all causes is considered, 
except when the concrete is not of the best quality or when its stress is 
higher than 1440 psi. 


Creepless steel | 
When wires 5 III B or 7 I B, which have practically no creep at 
123,000 psi, are used the above loss will be reduced to 12 percent. 


General conclusion 


With wire 5-I, it is recommended to take into account a loss of prestress 
of 15 percent when the concrete stress is about 1440 psi, and concrete 
crushing strength on 8-in. cubes is 8700 psi. 

If the concrete had a crushing strength of only 5700 psi, a loss of 18 
percent would be recommended. 


In case wires without creep are used, the above percentages may be 
changed from 15 and 18 to 12 and 15. 

It should be understood that every special case must be considered 
on its own merits; so, for example, when one makes beams by using 
precast units of a very advanced age, one can reduce the above percentage. 

A rule is never more than a general line of conduct which does not 
do away with the necessity of thinking things over. A civil engineer 
should not be a machine that applies codes. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative fragments 
—not the ‘‘copper-riveted”’ conclusiveness of formal treatises. ‘“Answers’’ 
to questions do not carry ACI authority; they represent the efforts of 
Members to add their bits to the sum of ACI Member knowledge of 
concrete “know-how.” 


Deterioration of Sacked Cement (44-192)* 


Q—Mr. Parker adds to the store of information on the following 
question: “We have the problem of storing cement in paper bags in 
the Philippines. Under existing conditions of temperature and humidity, 


how long will the cement remain satisfactory for use?”’ 


By W. PARKERT 


A—While we cannot provide information on rates of deterioration 
of cement under conditions of high humidity and temperature, the 
deterioration of cement stored on construction jobs in the northern part 
of Ontario may be of interest to other readers. Protracted storage of 
cement on certain outlying construction jobs of the Hydro-Electric 
Power Commission of Ontario has resulted from the fact that shipment 
between railhead and construction site is possible only during the winter 
months. In some instances cement left over from the first construction 
season following delivery has been used during the second summer. 


Both composite and random samples of cement have been secured 
from northern projects at ages up to 2 years and returned to the central 
laboratory for testing at ages from 1 to 51% years. As a basis of com- 
parison, mill samples representing the cement shipped to the jobs were 
kept in laboratory storage in sealed cans. These samples served as 


controls for the job samples when they were sent in for testing. 


*See JPP Section ACI Journnat, Oct. 1947, Proc, V. 44, p. 181 and Jan, 1048, Proc, V. 44, p, 413, 
tThe Hydro-Electric Electric Power Commission of Ontario, Toronto. 
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Four normal portland cements from Canadian mills were included in 
this study. The containers included regular 5-ply paper sacks, 5 and 
6-ply sacks containing one ply of asphalted paper and light gauge steel 
drums. At the job, temporary tar-paper-sheathed sheds were provided 
for the storage of sacked cement. The drums were stored in the open. 

The job-stored cements when tested in concrete in comparison with 
the sealed laboratory samples showed a fairly uniform rate of deterioration 
with age. The deficiency in 28-day compressive strength of concrete 
made from field cement below that made from the control material 
amounted to about 6 percent per year for bag cement and about 3 
percent for drum storage. 

The test conditions made it impossible to detect the influence of 
differences in sack thickness and construction on the rate of deterio- 
ration. However, there have been comments from the field to the effect 
that fewer sacks are damaged in handling when the heavier ones con- 
taining asphalted paper are used. 


Grouting Repair of Masonry Arch (44-200) 
By E. C. HARDING* 


Construction date of this single track masonry arch bridge on the 
New York Central System a few miles south of Galion, Ohio is not 
known. A concrete coping and top on the “T’’ walls was added over 





*Edw. C. Harding Co., Cincinnati 2, Ohio 
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thirty years ago. The level of the water in the stream will vary con- 
siderably, from a low normal to a flow reaching nearly to the top of the 
arch after a flash flood. The masonry was built on wood cribbing. 


As trains passed over the bridge considerable vibration could be ob- 
served; movement of some of the stones in the arch ring was visible and 
ripples could be seen in the water. It was feared the wood cribbing under 
the foundation was disintegrating. 

The contract for repair work included raking out, cleaning and re- 
building the joints between all stones, and drilling, washing out and 
pressure grouting of the stone masonry to consolidate it into one solid 
mass. The joints were to be restored flush with the face of the stone 
with shotcrete made of one part cement, three parts sand with a counter- 
shrinkage material added. Two-in. grout holes were to be drilled to 
intercept the joints and internal voids and to a depth not beyond the 
limits of the masonry, grout to consist of one part cement, one-half part 
fine sand with a counter-shrinkage material added. 

During the drilling of the grout holes into the foundation the operator 
could feel the level of the wood cribbing; drilling was continued through 
the wood, using a Timken Rock Bit and samples of the wood showed 
it to be in perfect condition. 

Grout was injected into the holes under a controlled air pressure; 
starting in the lowest holes and progressing upward until the entire 
structure was completely consolidated. Examination of the bridge 
some time after the work had been completed showed that the vibration 
had been eliminated. 


Carbon Disulfide Effect on Concrete (44-201) 


Q—An Australian architect asks whether anything may be added 
to concrete to counteract the disintegration caused by CS, (carbon 
disulfide), especially in regard to concrete floors. 

The architect is seeking this information, and the satisfactory solution 
thereof, prior to writing a specification for the erection of some large 
factories requiring substantial yardages of concrete} and where CS? 
will be generally used. 

A—tThe only information on this subject which has been found is 
contained in an article by F. 8. Friese, ‘Concrete and Industrial Gases’”’ 
in Concrete and Constructional Engineering, V. 28, p. 299, May, 1933. 
Friese states that chemically pure carbon disulfide is harmless to con- 
crete. The impure CS, vapor however, contains carbon oxysulfide 
(COS) which in the presence of moisture forms carbon dioxide (CO2) 
and hydrogen sulfide (H2S). The latter attacks the lime in the concrete 
to form calcium hydrosulfide (Ca(SH)2). The CS, then reacts with the 
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Ca(SH). to form calcium -sulfocarbonate (CaCS;). Disintegration is 
caused by the molecular expansions which take place during the for- 
mation of the CaCS;. 

The only specific protective treatment mentioned in the paper is 
that lead sheets are commonly used for the protection of concrete tanks. 
In the general discussion of coatings the ingredients of several are listed 
which are said to be quite effective against industrial gases including 
those containing sulfur compounds. 


Entrained Air Loss in Handling, Placing, Vibrating (44-202)* 


Q—How can we make sure that handling and placing operations, 
including ample vibration of the concrete, do not remove an essential 
portion of the purposefully entrained air? 


By LEWIS H. TUTHILL* 


A—This question is particularly timely inasmuch as we find that 
there has been some tendency to under-vibrate air-entraining concrete 
in order to avoid losing a portion of the entrained air, due to vibration. 
As a result of this and other fears of over-vibration, far more damage 
has been done by under-vibration than by over-vibration, especially 
where concrete of a medium-low slump suitable for this type of con- 
solidation is used. Usually where there is evidence of over-vibration, 
it is a sign that the slump, and not the amount of vibration, should be 
reduced. There should be no inhibiting influences in the application 
of ample and thorough vibration; consequently procedures must be 
employed which will assure that required amounts of entrained air 
remain in the concrete after vibration. 

Loss of essential amounts of entrained air is avoided, not by reducing 
vibration, but by basing measurements of air content on samples of 
the concrete which has received typical job handling and vibration 
treatment. Wherever practicable, the sample for test of air content 
should be taken, from the forms after vibration. When this is not 
feasible, the sample should be given typical job treatment in handling 
and in the amount of vibration it receives. Based on the results obtained 
by such tests, the dosage of air-entraining agent should be increased 
as necessary to provide the desired amount of entrained air in the con- 
crete after typical job treatment and as much vibration as is necessary 
to assure good results. 


*Engineer, Bureau of Reclamation, Denver, Colo. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


Precast concrete in the construction of factories 
Concrete and Constructional Engineering, (London) V. 42, No. 10, October 1947, 


pp. 312-317 
The author describes, with the aid of photographs, the construction of several factories 
in which precast beams, slabs and frames were used. 


Precast concrete houses 
Concrete and Constructional Engineering, V. 42, No. 9, September 1947, 


pp. 283-290 Reviewed by GLENN Murpuy 
Descriptions and photographs are given of some of the systems of precast reinforced 
concrete that have been used for the erection of large numbers of houses in Britain. 


Precast concrete bridge deck used by Pennsylvania 


The Car, V. 27, No. 10, October, 1947 HicgHway ResEARCH ABSTRACTS 


On a rural road in Dauphin County, Pennsylvania, highway engineers are studying 
with interest a new type of concrete bridge deck—the first of its kind in the United 
States. The bridge is precast concrete, manufactured by a vacuum process and is 
believed to be 25 percent cheaper than a poured concrete deck. 

Installation of this type bridge deck, engineers say, may reduce considerably the time 
a bridge has to be closed to traffic. There are hundreds of short span timber decks 
now in use on the state’s highway system, and if the tests prove out, the department 
may adopt standards which will permit wider use of this new type structure. 


Ribbed white concrete markers guide traffic day and night 


Construction Methods, V. 29, No. 10, October 1947 Higuway ResgFarcu ABSTRACTS 


On New Jersey’s heavily traveled Route 6 near Totowa, where a-stretch of dual 
highway with twin 40-ft, 3-lane concrete roadways has recently been completed op- 
posing traffic is separated by a wide median strip, and the possibility of side-swiping 
of vehicles traveling in the same direction is lessened by corrugated white concrete 
Jane markers poured between, and flush with, adjacent pavement slabs. 

Slabs are 10 in. deep and 12 ft wide, and were poured as so to leave a 2-ft space be- 
tween parallel lanes. After road forms were stripped, this 2-ft space was filled with a 
9-in. layer of ordinary concrete topped with 1 in. of Atlas white cement mortar to act 
as a permanent lane separator, or marker. The white strips were scored with a hand 
tool to make a shallow saw-tooth surface that reflects light from headlight beams 
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back to the driver, and remains visible under all weather conditions. To a motorist 
driving over them from one lane to another, the reflecting white separators give a 
triple warning: by sound (a high-pitched whine from the tires), by feel (a slight 
vibration in the steering wheel) and by sight. 


An exact method of analysing symmetrical parabolic arches—l 
V. A. Moraan, Concrete and Constructional Engineering, V. 42, No. 10, October 1947, 


pp. 297-304 Reviewed by GLENN Murpuy 

The method outlined by the author consists in the conventional single integration 
procedure for the special case in which the moment of inertia of the arch rib varies 
in accordance with the equation 


I=T, k +B 7 _ 1s" sec 0 


in which J, is the moment of inertia at the crown and z is measured from the springing. 
Curves are given for thrust in a 2-hinged arch and a fixed arch, and for reactions and 
moments in a fixed arch. 


Prestressed concrete railway bridge near Wigan 


Concrete and Constructional Engineering, V. 42, No. 10, October 1947, 

pp. 305-308 Reviewed by GLENN Murpuy 

Precast concrete construction is favored by the L. M. 8. Railway because of ease 
in erection, capacity for taking full load very soon after erection, and more suitable 
vibration characteristics. The bridge described is built of 32-in. beams with flanges 
16 and 20 in. wide and 4-in. web. The reinforcement consists of hard-drawn wire 
0.20 in. in diameter supplemented by mild steel bars and stirrups. A 1:314 mixture 
with a water-cement ratio of 0.45 was used. Cube strengths of 4000 psi at 7 days and 
6000 psi at 28 days were specified. 

Six beams are used under each of the two tracks, and are held together by 114-in. 
diameter rods. The beams were test loaded to a value 50 percent above the design 
load without cracking or showing permanent deflection. 


Analysis of freshly mixed concrete 
H. R. Kirxnam, Chemistry and Industry, 1947, V. 11 p. 130, Building Science Abstracts, 


1947, V. 20, No. 30 HicHway ResearcH ABSTRACTS 

A summary of the author’s paper describing a rapid method, developed at the Road 
Research Laboratory, Harmondsworth, for testing fresh concrete. The method is 
based upon the determination of the weight in air of the constituents from measure- 
ments of absolute volumes which latter are determined from the buoyancy weights 
of the materials when suspended in water. The apparatus is essentially similar to that 
originally devised by Dunagan (Iowa Engineering Experiment Station Bulletin No. 
113), certain modifications having been made to speed up the test without loss of 
accuracy, e.g., the sample is placed directly into the weighing bucket, larger diameter 
sieves are substituted, and a jet of water used for washing the cement and sand. Great 
care is necessary when immersing the fresh cement in the water tank to avoid loss of 
fine particles of cement. By providing a second overflow pipe from the main tank to a 
subsidiary tank capable of being raised or lowered to control the water level in the 
main tank, it is found possible to keep the water level just below the top of the bucket 
when it is immersed. Results show that an analysis of a 4,000 g sample gives the 
weights of aggregate, sand, and cement accurately to within 1 percent, the weight of 
water to within 2 percent, and the water-cement ratio to 0.01 percent. 
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Limestone concrete 
J. SincteTon GREEN, 80 pp., Chapman & Hall Ltd., London, 1945 Reviewed by J. E. Gray 


The purpose of the book is to show that hard, sound limestone is a satisfactory aggre- 
gate for concrete and concrete products. A chapter is devoted to each of the essential 
characteristics of concrete that may be affected by the aggregate such as compressive 
strength, flexural strength, watertightness, fire-resistance and durability. These 
chapters are primarily a compendium of papers on concrete covering the period of 
1920-1940 which are helpful in showing that limestone is a good aggregate. Limestone 
sand and limestone dust for mortars are discussed; also, an accounting of the use of 
limestone for flags, sewers and roads is given. Previous papers of the author form a 
chapter on exposed aggregate as a surface finish for concrete. 


Testing chemical reactivity of concrete aggregate 
Ricuarp C. MreLeENz AND Duncan McConne tt, Rock Products, V. 50, No. 10, 


October, 1947, pp. 112, 113 and 136 Reviewed by T. M. Ketiy 

The authors describe a chemical method for determining the reactivity of aggregates 
with high-alkali cement. The method consists of treating the aggregate in an alkaline 
solution. The aggregate is crushed and a portion of the material passing the No. 50 
sieve and retained on the No. 100 sieve is treated in a molar solution of NaOH for 24 
hours at 80 C. The solution is then filtered and chemically analyzed for dissolved 
silica, and the reduction effected in the alkalinity of the solution is determined by 
titration with acid. A chart is presented in which dissolved silica is plotted against 
reduction in alkalinity for several aggregates tested, all of which had been used in 
concrete construction and for which mortar bar expansion data with high-alkali cements 
were available. A line is drawn on the chart separating the deleterious from the in- 
nocuous aggregates, as determined by deterioration of concrete in service and by ex- 
pansion of mortar bars. Neither silica release nor alkalinity reduction alone is sufficient 
to determine reactivity. Only by simultaneous consideration of the amount of silica 
dissolved and the reduction in alkalinity can the deleteriously reactive aggregates be 
distinguished from the innocuous aggregates. The authors state that careful control 
is required in the tests and that interpretation of results must be made with caution 
since reactions not related to silica release may cause some reduction in alkalinity of 
the NaOH solution. The test of an aggregate can be completed in three work-days. 


Airport runway evaluation in Canada 
Norman W. McLeop, 133 pp., Highway Research Board Research Report 4-B, 


Washington 25, C. D., 1947 HicHway Researcu Boarp Review 

This report although entitled Airport Runway Evaluation, contains valuable informa- 
tion for study by highway design, materials and soils engineers. Charts of thickness 
design curves for a wide range of wheel loads have been prepared to indicate the re- 
quired thickness of granular base for highways and different parts of airport runways, 
based upon plate bearing tests and upon cone bearing, Housel penetrometer, field 
California bearing ratio and triaxial compression tests. 


The 133-page report outlines the results of an investigation of the runways at a 
number of Canada’s principal airports, which was conducted by the Department of 
Transport during 1945 and 1946. The program of testing included: a pedological soil 
survey and the preparation of a pedological soil map for each airport site; field moisture 
and density tests in place on the base course and on each 6-in. layer of the upper 18 
to 24 in. of the subgrade; securing large disturbed samples of base course and of each 
layer of subgrade for physical and compaction tests in the laboratory, and undisturbed 
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samples for CBR (both field and soaked condition), triaxial compression, shear, and 
consolidation tests; cone bearing and Housel penetrometer tests on layers of subgrade 
in the field; plate bearing tests (repetitive) on subgrade, base course, and surface, to 
determine the load supporting values of the runways, and to obtain information re- 
quired for the design of either rigid or flexible pavements. 


Ice on steep grades? Warm pavement with radiant panel heating 
Pacific Builder and Engineer, October 1947 Higuway Researcu ApsTracts 


There should never be any winter maintenance problems on the 8 percent grade 
approaching the Southern Pacific Railway underpass on the north entrance of The 
Dalles-California highway into Klamath Falls, Oregon. This steep grade will be 
winter-proofed by an adaptation of the radiant panel heating now becoming so popular 
in residential construction. The four-lane highway must cross over an irrigation canal 
and then pass under Southern Pacific Railway tracks only 320 ft distant from the 
canal, The grade between the canal and the railroad tracks is 8 percent. 

G. S. Paxson, bridge engineer of the Oregon State Highway Commission, aware 
that an 8 percent grade subjected to severe winter weather would invite terrific traffic 
hazards unless the grade could be made completely free from snow and ice, decided 
to accomplish that by taking advangate of the natural hot water, with temperatures 
up to 220 F, available from wells at Klamath Falls. 

The method developed for transmitting heat from hot-water wells into pavement 
slabs starts with drilling a well 10 in. in diameter and approximately 250 ft deep. A 
2-in. pipe will run from the well to the pavement, which it will parallel for about 400 
lineal feet. In the pavement slab will be placed 34-in. pipe, 18 in. o.c., in 60 ft panels. 
Each panel will be connected with the 2-in. hot-water main by valves which will 
assure an even flow of water through each panel. 

The 2-in. main and the series of 60-ft. panels of 34-in. pipe will comprise a closed 
circuit. Hot water from the wells will not be allowed to enter this circuit. Instead, 
the circuit will be filled with ordinary water in which anti-freeze solution will be in- 
troduced. This water will be warmed by means of a heat transfer unit composed of 
2-in. pipe extending close to the bottom of the well in order to obtain maximum 
inmersion. 

Inserted in the closed circuit will be a pump, thermostatically controlled. When 
air temperature drops to the freezing point, the pump will automatically start circu- 
lating the water through the closed circuit. At the same time, another pump will 
begin exhausting hot water from the well at a rate sufficient to maintain the maximum 
temperature in the well. Unless hot water is so exhausted, constant circulation of 
the cold water through the heat transfer unit will have a tendency to cool off the well. 
The pumps will continue to operate until air temperatures rise above the freezing point. 


Culverts constructed with pneumatic cores 


Concrete and Constructional Engineering, V. 42, No. 9, September, 1947 
HicgHway Researcn ABsTRACTS 
A method of using pneumatic cores for the internal shuttering of small culverts and 
pipes has been in use in Adelaide, Australia, for nearly 20 years. According to a report 
in the Commonwealth Engineer, the core consists of a cylindrical rubber bag 33 ft long 
for small culverts and 24 ft long for larger culverts and from 1 ft to 5 ft in diameter. 
The bag is made of rubber tube within a protective canvas sleeve over which a removable 
rubber sleeve is drawn. A valve for inflating the bag is provided at one end and the 
air is supplied from a compressor attached to the concrete mixer. The tube is inflated 
to a pressure of about 5 psi. 
After the trench for a drain or culvert has been excavated, a layer of concrete is 
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placed on the bottom and screeded to the invert level. On the following day the in- 
flated bag is placed on this concrete, being kept in place by wedges placed between 
the bag and the sides of the excavation. A layer of thin cement grout is poured over 
the bag, after which the concrete is placed and brought up around the sides. The 
concrete, which is generally 1:2:4 with rapid-hardening cement, is fairly wet to enable 
it to be packed under the bag. A stiffer concrete is then placed over the top of the 
bag. The bag is deflated one day after placing the concrete. On a pipe of considerable 
length several bags are used at different points to enable a reasonable rate of con- 
struction to be maintained. The method permits construction of wide culverts by using 
two or more bags laid side by side with a steel plate placed across the top of them. 
The advantages of the method include the practicability of constructing curved cul- 
verts and the reduction of the number of joints. The method has also been applied 
to the construction of arched bridges of small span. 


Extensibility and modulus of rupture of concrete 


R. H. Evans, Sturctural Engineer, 1946, V. 24, No. 12, pp. 663-659, Building Science Abstracts, 
V. 20, No. 3, March 1947 HicHway ResEARCH ABSTRACTS 


In pursuance of recent work and theories on the elastic modulus of concrete by Rao 
and Squire (Structural Engineer 1942, V. 20, No. 3, p. 44; 1943, V. 21, No. 6, p. 211) 
the author has conducted investigations on the extensibility of plain and reinforced 
concrete specimens (briquettes, columns, and beams) in tension and in bending. Cal- 
culations have also been made concurrently for the modulus of rupture of the con- 
crete and the maximum tensile fiber stresses necessary to balance the internal forces 
in the beams according to various plastic theories. The results are presented and 
discussed. The tests on briquettes and plain and reinforced concrete tension columns, 
in the form of strain measurements on two diametrically opposite sides, prove that it 
is not possible to guarantee that the applied load is always entirely axial. Low values 
for certain briquettes were obtained owing to unequal strain distribution on the two 
sides of the specimen due to eccentricity of the applied loading, but the values could be 
satisfactorily corrected to agree with those which did not require any correction. Pre- 
liminary strain measurements on briquettes up to stresses below the tensile strength 
have made it possible, where the strains are unbalanced, to adjust the position of the 
briquettes in the jaws of the testing machine until the strains are balanced, and to 
obtain afterwards a substantial increase in their tensile strengths. It is concluded 
that briquette tests on cement mortar are unsatisfactory, unless some provision is 
made in “B.S.S. No. 12-1940 for portland cement tests’ to ignore all the low values. 
A microscope (250X magnification) revealed initial cracks, 0.05 in. by 0.00007 in., 
in plain reinforced concrete beams. Provided such a microscope is used to locate the 
first crack and that the curing conditions have not produced initial stresses in the 
reinforced concrete specimens, it is concluded that there is no sensible difference be- 
tween the strain capacity of plain and reinforced concrete either in tension or in bend- 
ing. It was only possible to obtain a stress strain curve for reinforced concrete in which 
strain increases rapidly with stress to produce an apparant yielding of the concrete 
by deliberately reducing the magnification of the misroscope used. It is considered 
that the flattening of the stress-strain curve in reinforced concrete is due to the exten- 
someter recording the opening of minute cracks and that the often-reported increase 
in the strain capacity due to the reinforcement is entirely due to insufficient magnifi- 
cation and preparation of the concrete surface. The tests also showed that the per- 
centage of reinforcement, or the amount of cover of concrete, has no important effect 
on the strain capacity except that the first crack may be much more readily detected 
with a large cover of concrete than with little cover. The modulus of rupture is from 
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1.3 to 1.6 times the tensile strength when the low briquette figures are either ignored 
or corrected for, but is from 1.5 to 1.8 times the tensile strength when all the figures 
are averaged. Calculation shows that it is not generally possible to balance the moment. 
of resistance of a beam and the external bending moment with the maximum tensile 
fiber stresses maintained below the briquette strength when the modulus of rupture 
exceeds 1.7 times the tensile strength. 


The chemistry of portland cement 
R. H. Boavuer, 572 pp., illustrated, Reinhold Publishing Corp., New York, N. Y 


1947, $10.00 : Reviewed by ALEXANDER KLEIN 

The author has presented a combined handbook and textbook, which paints the 
picture of manufacture, composition, and utilization of portland cement on a backdrop 
of chemical symbols and relationships. The text is unfolded clearly and concisely to 
the reader, who needs only a rudimentary knowledge of chemistry to obtain an ade- 
quate understanding of the subject matter. Even casual study of the book imparts a 
thorough and comprehensive coverage of the general subject. of portland cement, and 
such knowledge of chemistry as the reader does have is easily applied to the subject 
matter. ; 

This book merits the deepest study by chemists and specialists in portland-cement 
technology who are interested in, or concerned with, the detailed analysis of the physical 
chemistry of portland cement. The author has successfully accomplished the difficult 
task of presenting his subject in a manner such as to be both of interest and information 
to the reader, whatever the previous experience or knowledge of the reader in the field 
of portland cement. 


The text is presented in three major subdivisions: 


I. Chemistry of Clinker Formation 


In this section are given the history of the industry, an outline of methods of 


manufacture, and methods of investigation of composition of clinker. 


II. Phase Equilibria of Clinker Components 
This part is a thorough and detailed application of the principles of physical 
chemistry to the prediction of the clinker composition or phases ‘‘which would 
be produced from a given mixture of raw materials subjected to a given heat 
treatment, provided a condition of equilibrium was attained’. 


III. Chemistry of Cement Utilization. 
Part III is a careful summary of the theories relating to the setting, hydration, 
and hardening of portland cement. 


The treatise, while presented in the chemical aspect, is not of a severely technical 
nature except necessarily in Part I]. At present, far more is understood of the chemistry 
of the manufacture, control, and composition of the clinker than of the hydration of 
the cement. The author has scrupulously abstained from imparting a controversial 
expression to this subject, which for over a century has been more or less controversial; 


but he presents fairly all of the published theories and viewpoints, leaving the reader 
to draw his own conclusions. The great number of authors quoted is an indication of 


the cumulative efforts of a great number of researchers in the development of modern 
portland cement. The text is up to date and includes description of the most modern 
equipment, methods of test, and novel theories. 


The relationship between composition and grindability of clinker, and the effects of 


glass content and heat treatment upon the grindability might well have been included, 
even though these subjects are primarily of interest only to the manufacturer. 


| 
| 
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CURRENT REVIEWS §11 


This book will be of great value to manufacturers, engineers, teachers, and researchers 
as a compact and inclusive text on the chemistry of portland cement. 


The grading of aggregates and workability of concrete 
W. H. Granvitie, A. R. Cotirns anp D. D. Marnews, Road Research Technical Paper No. 6, 


Second Edition London, May 1947 Reviewed by E. J. Ze1cLer 

This is a revised edition of a paper of the same title first published in 1938 and re- 
viewed in the ACI Journat Nov. 1938, Proc. V. 35, p. 142. It deals with the effect 
of grading of aggregate on strength and workability of concrete. Principal emphasis 
is placed on workability which, the authors say, should be regarded as a property of 
the “concrete alone’. Grading is said to be of importance only insofar as it affects 
workability. The problem is not to produce aggregates to give, for example, a mini- 
mum of voids or a maximum of strength but, rather, to produce satisfactory mixes 
which can be compacted to maximum density with a “minimum or reasonable”’ amount 
of work. 


A comprehensive list of the various measures of workability is given and there is a 
brief discussion of a few of them, particularly the slump test. It is suggested that 
most of these measures are affected by factors apart from the concrete, e.g., placement 
conditions. It is pointed out that work employed in overcoming internal friction 
of the concrete, independent of that required to overcome surface friction, is a function 
of workability and that “workability may then be defined as that property of the con- 
crete which determines the amount of useful internal work necessary to produce full 
compaction.” 


A method of test is described which involves measurement of the degree of com- 
paction resulting from the application of a given amount of work. The concrete is 
allowed to fall into a mold from a standard height. The apparatus consists essentially 
of two conical hoppers mounted one above the other, with a cylindrical mold beneath. 
In performing the test the upper hopper is filled with concrete, the door at the bottom 
opened, and the concrete allowed to fall into the lower hopper, where it may be con- 
sidered to be in approximately a standard state of compaction. The concrete is then 
allowed to drop from the lower hopper into the cylinder, filling it to overflowing. ‘“Thus 
the cylinder is filled to a constant volume by the application of a standard amount 
of work and the degree of compaction of the concrete in it, known as the compacting 
factor, is considered to be a measure of workability.” 


Limitations of the “compacting factor test’? in measuring essential qualities such as 
tendency to segregate and ease of finish are recognized. To supply that deficiency 
two subsidiary tests were designed to give visual indications of these properties. One 
is the heap test in which a mass of concrete is allowed to fall from a conical hopper 
onto a flat surface, and after setting, is photographed. The other is the slab test de- 
veloped to record the tendency of a concrete to produce a honeycombed surface. The 
apparatus consists of a mold 18 in. high, 3 in. wide, 18 in. long, in which the concrete is 
deposited by being allowed to fall from a hopper fixed above. Here again the record 
is a photographie one after the concrete has hardened and been removed from the mold. 


While some strength data are given the principal data deal with workability and 
water content. There are, however, a number of tables giving “estimated strength’, 
based on water-ratio strength relationships which had been developed, for various 
mixes, degrees of workability, size of aggregates, etc. 


This publication may be purchased from the British Information Services, 30 Rocke- 
feller Plaza, New York 20, N. Y. at 1s 6d per copy. 
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A-62—Guide for modular coordination 


Myron W. ApaAms AND PRENTICE Braptey, Modular Service Association, 
Boston, Mass., 1946, $10.00 Reviewed by Paut W. Norton 
The American Standards Association Project A-62, sponsored by the American 
Institute of Architects and the Producers’ Council, has for its object the elimination 
of waste in construction labor, in materials of construction and in the efforts of the 
designer and detailer, which has been inherent in traditional construction practices. 


As is pointed out by the authors of the ‘“Guide” in their introduction, it is essential 
to the production of a building that at some stage of the operation dimensions of its 
component parts be coordinated so that the final assembly shall be an integral structure, 
satisfying the requirements of strength, stability and resistance to weather, and suit- 
able to its purposes. Avoidance of a considerable amount of waste and consequent 
high cost can result if this necessary coordination begins with the producers of pre- 
fabricated building materials, through their adoption of such common standards of 
dimension for their products as will bring about a well-organized interrelation of parts 
with a minimum of field labor, and a minimum of ingenuity on the part of the designer 
of the building details. 


The Guide for Modular Coordination presents the results of research on the part 
of committees of experts, extending over some eight years, organized by a competent 
technical staff, and points the way to this desirable objective. Its primary recom- 
mendation is the adoption of a continuous three-dimensional grid based on the 4-in. 
module interval as a basic standard, for the organization of construction details of 
buildings and for the production of fabricated building materials. 

The grid determines not the actual dimensions of the units of construction, but the 
standard frame of reference to which these dimensions are related in such uniform 
manner as to assure their proper assembly in the building. The Guide also presents 
standards formulated and adopted by the American Standards Association for dimen- 
sions of specific products, notably masonry units of clay and concrete, with the pros- 
pect that others will progressively be evolved and adopted. A number of manufacturing 
industries are already making available products which conform to these standards. 


The volume is addressed primarily to architects and draftsmen, on whom, to nearly 
equal degree with the producers falls the responsibility of making modular coordination 
successful. By means of abundant and carefully drawn illustrations, many of them 
reproductions of actual working drawings of completed structures, the applications 
of the modular system to typical building details are shown, and the principles are 
established which control its application to any situation. The simplification of drafting 
room practice which is both a secondary object and an incidental result of the adoption 
of modular design is clearly indicated. 


An essential quality of the proposals made is the absence of restrictive limitation 
on the freedom of the architectural designer. The authors, themselves experienced 
architects, have not lost sight of the danger that standardization of products and of 
drafting practices may have for its by-product a wholly unacceptable regimentation of 
design. The realization of the economic advantages attainable only through the di- 
mensional coordination of the physical elements of construction, together with the 
preservation of complete flexibility of design, is the notable achievement of Project 
A-62 as expounded in this valuable handbook. 
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The density of concrete produced by materials is forced into the coarse aggregate 
PREPAKT closely approximates that of by PREPAKT, completely filling all voids 
solid rock. Each cubic yard of PREPAKT and tightly bonding the aggregate into a 
contains 27 cubic feet of pre-placed and dense monolithic mass. 
compacted rock. Every structural characteristic essential 
A special mortar of Portland cement, to durability of concrete is strengthened by 
sand, water, and PREPAKT conditioning the PREPAKT process. 


HIGH RESISTANCE TO DETERIORATION 


The combination of the process and conditioning materials, creates within the 
concrete a physical reaction which minimizes the usual temperature-rise and 
setting-shrinkage characteristics common to ordinary concrete. This is an 
essential factor in reducing contraction and the resultant cracking and 
deterioration. 

These methods and materials also create the fine matrix structure inherent 
in PREPAKT concrete, providing it with a greatly superior resistance to 
penetration of damaging moisture or freezing-thawing actions. 

The extremely dense and complete bonding characteristics of PREPAKT 
give it a compressive strength to withstand deterioration caused by long 
heavy duty service. 


HIGH RESISTANCE TO FREEZING-THAWING e LESS CRACKING 
LOWER PERMEABILITY «+ RESISTANCE TO SULPHATE MOISTURE 
HIGH COMPRESSIVE STRENGTH . HIGH BONDING STRENGTH 


CHICAGO TORONTO PHILADELPHIA 


INTRUSION-PREPAKT INC. THE PREPAKT CONCRETE CO. 
CLEVELAND 14, OHIO 








ate 
ids 
da 


tial 
by 


1A 


snipe 








ACI 


News Letter Contents 


On the cover. . . Reinforced concrete 
gleams with the whiteness of quartz 
in decorative panels on the exterior 
of the Baha'i House of Worship, 
Wilmette, Ill. (story on p. 8) 


ACI Day by Day in 


ELS 24 santa 456 Kno k 3 
Convention Program....... 4 
Baha'i Temple............ 8 
Who's Who 

sc a cease Oe 

I 60s 00% aoe 4:40 9 

F. R. McMillan and |. L. Tyler.. 9 

Michel Bakhoum.............. 10 

Gustave Magnel.............-. 10 


Danish Institution of 


Civil Engineers......... 11 
Joshua L. Miner.......... 11 
New Members........... 12 


Finland's Institute of Technology...13 
Harvard courses organized by 


Henry L. Kennedy............ 13 
DE iesisetecns ons teense 14 
ACI's “Detailing Manual"’.......17 
EEE ae 18 
American Concrete Pipe 

cas ies o50406a aoe 19 
Sand and gravel and ready mixed 

concrete groups...........545. 19 
ACI Code approved as 

ES ES 
New engineering curricula 

OS. ee 20 
Census of manufactures...........20 
Construction dollar volume at peak. 21 
Light-weight aggregate.......... 21 
“Short" and “‘refresher"’ courses... .22 
Edward W. Scripture............. 22 
EERE a ee 22 
Joseph P. Wolff leads building 

habe 6Eo.ch wakes 60005 23 


ASHVE reports on panel heating. 23 
Synopses of recent ACI papers... .24 
Current ACI standards............ 50 
























ACI Day ly Day 
in Denuer 
February 23-26 
Shirley - Savoy Hotel 


Monday, February 23 
9 a.m.—Registration begins 


ACI Committee meetings as posted morning and 
afternoon open to visitors only by consent of com- 
mittee chairman 


Members and others not engaged in technical 
committee meetings in these morning and after- 
noon periods have the opportunity to meet and 
to discuss mutual interests with old friends and 
acquaintances and to make new ones—not the 
least of the benefits of ACI conventions 


6 p.m.—Program reception by officers and dinner 
for award winners and scheduled program par- 
ticipants (by prior invitation) 


(All general convention sessions in Lincoln Room) 


8 p.m.—First general convention session 


Tuesday, February 24 
9 a.m.—Convention session 


12:00 noon—Registrants for barbecue luncheon 
and inspection trip, Bureau of Reclamation lab- 
oratories, leave by busses for Denver Federal 
Center. 
7 p.m.—44th Annual Convention Dinner (by 
tickets previously purchased). 

Wednesday, February 25 


9 a.m.—Open meeting of ACI Committee 115 
—Research (Lincoln Room) 


2 p.m.—General session 


8 p.m.—Final convention session 


Thursday, Feburary 26 


8 a.m.—Inspection trips by bus for those who have 
made previous reservations 


(see following pages) 
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8:00 p.m. MONDAY, FEBRUARY 23 
President STANTON WALKER, Chairman 


“Developments of Tilt-up Construction’’—with motion pictures in 
color—a P.C.A. sound film - 


C. A. CLARK 


District Engineer, Portland Cement Association, Austin, Texas 





Appointment of tellers to canvass annual election ballots. 


“Prefabricated Pumice Concrete Houses"’ 


CAPT. H. L. MATHEWS (CEC) USN, 


Naval Ordnance Test Station, Inyokern, Calif. . 


“*Flexicore Prefabricated Floors” 


GAYLE B. PRICE 


Price Brothers Co., Dayton, Ohio 


“Thermal Insulation of Concrete Homes” 
ARTHUR STONE 


Engineer, Portland Cement Association 
Concrete Housing and Cement Products Bureau, Chicago 


**Cemenstone Construction’’—with motion pictures 


A. C. GRAFFLIN 


Vice President and General Manager, The Cemenstone Corp., Pittsburgh 


9:00 a.m. TUESDAY, FEBRUARY 24 
Past President RODERICK B. YOUNG, Chairman 


RESISTANCE OF CONCRETE TO 
DESTRUCTIVE AGENCIES 


“Aspects of the Influence of Aggregates on Concrete Durability” 


H. S. SWEET and K. B. WOODS 


Research Engineer and Associate Director, respectively 
Joint Highway Research Project, Purdue University, Lafayette, Ind 


“Durability of Concrete Exposed to the Salts in Sea Water and 
Alkali Soils” 


THOMAS E. STANTON 


Materials and Research Engineer, California Division of Highways, Sacramento 


“Deterioration of Cor ete in a Shipway in Southeastern U. S." 
MRrS. RUTH D. TERZAGHI 


Geologist, Winchester, Mass. 


“Effect of Certain Course Aggregates on the Cement-Aggregate 
Reaction" 


CHARLES H. SCHOLER and W. E. GIBSON 


Professor of Applied Mechanics, Kansas State College, Manhattan; and Engineer 
of Tests, Kansas State Highway Comm., Topeka; respectively. 
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12 O'CLOCK NOON, TUESDAY, FEBRUARY 24 


Buffalo barbecue luncheon followed by inspection of 
Bureau of Reclamation laboratories at Denver Federal , 
Center (transportation will be arranged for all advance 
registrants for this interesting occasion). ia 





44th ANNUAL CONVENTION DINNER ¥ 
7:00 p.m. Tuesday, February 24 ut 
. Shirley-Savoy Hotel Hl 


President STANTON WALKER, Chairman | 


Address of the Retiring President: STANTON WALKER, Director i 
of Engineering, National Sand & Gravel Assn., and t 
National Ready Mixed Concrete Assn., Washington, D. C. i 


Presentation by President Walker of: 


LEONARD C. WASON Medal for the ‘““Most Meritorious Paper’’ i 
of ACI Proceedings Volume 43 (ACI JOURNAL May 1947) to “ut 
CARL A. MENZEL il 

for his paper 


“Development and Study of Apparatus and Methods for the 
Determination of the Air Content of Fresh Concrete” 


LEONARD C. WASON Medal for ‘Noteworthy Research’’ to 
TREVAL C. POWERS ial 


and THEODORE L. BROWNYARD " 

for the work reported in their 1946-7 series | 

“Studies of the Physical Properties of Hardened Portland Cement 
Paste" (October 1946—April 1947 ACI JOURNALS) lf 

i 

American Concrete Institute Construction Practice Award 4) 
for a ‘‘paper of outstanding merit’’ on concrete construction val 
practice to “ih 

RICHARD J. WILLSON tl 

for his paper in the ACI JOURNAL, November 1946: iH 
“Lining of the Alva B. Adams Tunnel”’ i 

t 

| 

Action on a proposed amendment to the By-Laws (see News ri 
Letter, p. 9, November 1947 ACI JOURNAL) j 


Report of tellers and recognition of new officers and directors 1, 


Address: ‘The Bikini Atom Bomb Tests’? with motion pictures 
BRADLEY DEWEY ht 


President, Dewey & Almy Chemical Co., Cambridge, Mass. 
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9:00 a.m. WEDNESDAY, FEBRUARY 25 


The Annual Open Session of ACI Committee 115, 
Research 


STEPHEN J. CHAMBERLIN, Chairman 
GEORGE W. WASHA, Secretary 


This convention feature, inaugurated in 1937, has been 
increasingly popular. It differs from general sessions 
in that no transcript is made and the request is made that 
its proceedings be regarded as confidential. Research 
workers who are not ready for publication will talk shop. 
When and if a contribution to the meeting is ready for pub- 
lication, the ACI's Technical Activities Committee will 
welcome the opportunity to consider it for the JOURNAL. 
To be sure of the new ideas and other benefits of the 
research session, attendance seems necessary. 


2:00 p.m. WEDNESDAY, FEBRUARY 25 
President-Elect ROBERT F. BLANKS, Chairman 


“Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures’ as published 1946 on a motion for adoption 
as an ACI Standard. 


A. J. BOASE, Chairman, Committee 315 


‘Proposed Recommended Practice for Winter Concreting Methods,” 
resented with motion for adoption as an ACI Standard. (see 
4 1947 ACI JOURNAL) 


R. W. SPENCER, Chairman, Committee 604 


"A Brief Qualitative Preview of the Trend in Bond on the Basis of 
Current Tests" 


HERBERT J. GILKEY, Chairman, Committee 208, Bond Stress 


“Concrete Pavements on the German Autobahnen”’ 


FRANK H. JACKSON and HAROLD ALLEN 
U.S. Public Roads Administration, Wash., D. ¢ 


Based on their personal inspection and on data accumulated by 
extended examination, summer 1947. 


“Steel Stresses in Reinforced Concrete Beams” 
DOUGLAS McHENRY 


U. S. Bureau of Reclamation, Denver, Colo 


“Restoration of Barker Dam" 


RAYMOND E. DAVIS, E. CLINTON JANSEN 
and W. T. NEELANDS 


Director, Engineering Materials Laboratory, University of California, Berkeley, 
recently retired Hydraulic Engineer, Public Service Co. of Colorado, Denver; 
and Materials Engineer (Concrete), Corps of Engineers, Savannah District, 


Augusta, Ga.,; respectively 


Discussion and motion pictures in color presented by Lawrence 
B. Card, Mechanical Engineer, Public Service Co. of Colorado, 
Denver. 
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| 8:00 p.m. WEDNESDAY, FEBRUARY 25 
WHAT PROGRESS WITH CONCRETE IN 25 YEARS? 
President STANTON WALKER, Chairman 


‘Was it Progress and Was it Enough?" 
WALDO G. BOWMAN 


Editor, Engineering News-Record and Construction Methods 


Mr. Bowman speaks as the professional heir to the ENR’s editors of 1923, Their 
editorial ‘Some Doubts About Concrete’, published February 1, 1923 (see ACI 
JOURNAL, January 1948) inspired the present symposium of critical review and 
appraisal of the gains in knowledge of concrete in a quarter century. 


OTHER CONTRIBUTORS: 


P. H. BATES, ROY W. CRUM, J. C. PEARSON, 
FRANK E. RICHART, RODERICK B. YOUNG 


they are all ACI “elder statesmen’, each a past- 
president of ACI who has attained eminence in 
one or several areas of specialized concrete 
knowledge and is competent to survey the failures 
and successes of the period under consideration. 


Don't fail to examine the exhibit area—a 1948 
Convention feature 


THURSDAY, FEBRUARY 26 


Two trips are planned for Thursday, February 26 and 
ACI Members can select either one. The longer will 
be a 140-mile round trip to Estes Park, Colorado where 
considerable construction work on the Bureau of Recla- 
mation's Colorado-Big Thompson project is proceeding. 
Here they may view the east portal of the 13-mile trans- 
Continental-Divide tunnel and may enter and examine 
the concrete lining in adjacent Ramshorn and Prospect 
Mountain tunnels, observe concrete work on two hydro- 
electric plants, a surge chamber and a long siphon. 
Some work may also have progressed on the Olympus 
Dam. All of these structures are within a 10-mile radius 
of the mountain town of Estes Park, which is the focal point 
of Rocky Mountain National Park. This little village 
nestles in a beautiful mountain valley with the Continental 
Divide framing a background, and Longs Peak, 14,400 
feet high, towering close by. The route to Estes Park 
and return takes the party through some of Colorado's 
scenic grandeur. Itis planned to leave Denver at 7:30 a.m. 
by bus, and pick up a late lunch at the town of Boulder, 
Colorado, seat of the University of Colorado, and return 
to Denver by 3 p.m. 

The other trip will be from 9 a.m. to 12 noon to nearby 
Cherry Creek Dam, being built under the direction of the 
Denver District Engineer office of the Corps of Engineers, 
U.S. A. This 20-mile trip will also be by bus. This is 
an earth dam, but considerable concrete is being placed 
in the outlet works. 

At this time it is not possible to say what the cost 
(if any) of each of the trips will be, or that weather will 
permit. 
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Progress toward the completion of Baha'i Temple 


Widespread interest in the ornamenta- 
tion of the exterior of the Baha’i Temple 
by the Earley Studios under the direction 
of the late John J. Earley, suggests the 
publication of a photograph of the com- 
pleted exterior showing the precast rein- 
forced concrete tracery in glistening white 
(see News Letter cover). 


The National Baha’i Assembly has 
announced that contracts will shortly be 
let for the ornamentation of the interior 
of the Baha’i House of Worship, Wilmette, 
Ill. An artist’s rendering shows a part. of 
the interior design as approved. 





Baha'i House of Worship, interior 


Readers of the AC] JouRNAL over a 
period of years will be familar with the 
work of Mr. Earley who wrote not only 
of the Baha’i Temple, but of other works 
in architectural 
signated as plastic mosaic. It is 
that more than a quarter million visitors 
have registered at the temple in Wilmette 
since the superstructure was erected in 
1931. They have come from all parts of 
the world to see what is an outstanding 
architectural The 
building is of concrete and steel consisting 
of four units or On the original 
structure has been applied an outer shell 
which carries the intricate 
schemes of ornamentation in the western 
world, accomplished with hundreds of 
precast units, each made with a mixture 
of white portland cement and crushed 
white quartz. The design is in bas-relief 


concrete which he de- 


said 


example of concrete. 


stories. 


one of most 


and perforation producing a delicate lace- 
like effect. 


The circular domed 
surrounded by nine arched alcoves and 
has a total seating capacity of 1,600. It 
is now ready for interior treatment. 
Rising more than 150 feet above the main 
floor, 


auditorium is 


the dome rests upon nine groups 
of columns. At levels of 36 and 81 feet, 
the central hall is encircled by 
galleries. The 
ceiling of the nine alcoves. 


two 


lower gallery forms the 


Baha’i Temple was designed by Louis J. 
Bourgeois, who died before the structure 
was begun in 1930. The symbolic scheme 


of the exterior ornamentation was _ his 


conception and Mr. Earley’s execution. 
His ideas of the interior scheme are being 
carried out for the temple trustees by 
Allen B. MeDaniel, Waterford, Va., 
ACI member since 1915.* He is assisted 
by J. Robie Kennedy and E. J. Pompilio, 
Architects, Washington, D. C. 


*See ‘‘The Temple of Light’ by Allen B 
MeDaniel, ACI Proc. 29, p. 397; and ‘The 
Project of or the Baha’i Temple Dome” 
by John J. Earley, V. 29, p. 403. 
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Who's Who This Month 


C. C. Fishburn 


valls attention to the ever-trying problem 
of moisture in basements with recom- 
mendations for grading and drainage of 
the basement site. ‘‘Prevention of Damp- 
ness in Basements’, on p. 421, presents 
a large body of information on seepage, 
leakage and condensation, cites methods 
of repairing and treating faulty masonry 
walls. 

In his position as materials engineer 
with the National Bureau of Standards, 
Mr. Fishburn has written numerous re- 
ports dealing with water permeability of 
masonry More detailed 
graphical information appeared in Who’s 
Who last December (1947, News Letter 
p. 4) in connection with the appearance 
of his last paper, “Strength and Slip under 
Load of Bent-Bar Anchorages and Straight 
Embedments in Haydite Concrete’. 


Arthur P. Clark 


authority on bond, member of Committee 
208, Bond Stress, sheds more light on 
history of the subject with “Highlights 
of the Development of Reinforced Con- 
crete in the Study of Bond” on p. 437. 
This paper, delivered at the ACI Regional 
Meeting in Birmingham October 6, 1947, 
recalls highlights of the history of con- 
crete and cement since the development 
of portland cement some 125 years ago, 
traces the history of 


walls. bio- 


reinforcement in 
concrete and discusses changes in rein- 
forcing bar types occasioned by the 
growing knowledge of bond stress. As 
a review it provides a useful point of 
departure for new developments in rein- 
forced concrete design. 

Mr. Clark graduated in civil engineering 
from the University of Michigan in 1903 
and began his engineering career with 
the bridge department of the 
Marquette Railroad in Detroit. Since 
1906 he has been continuously identified 
with the problems of reinforced concrete 


Pere 





and the distribution of reinforcing bars. 
He worked first for the Corrugated Bar 
Co., St. Louis, and continued this asso- 
ciation through the consolidation of that 
with the Steel Co., 
and the later purchase of the Kalman 
company by Bethlehem Steel. He 
co-author of 


company Kalman 
was 
“Useful 
Data on Reinforced Concrete Buildings’ 
published by the Corrugated Bar Co. 
In the field of materials, he developed 
and 


the design book, 


patented a completely shop-fabri- 
cated unit of the reinforcing bars for 
beams, known as the “Corr-Bar Units’, 
and used in many multi-story buildings 
in the 20’s. 

Since 1944 he has been research asso- 
American Iron and Steel 
Institute at the National Bureau of 
Standards. In addition to his ACI 
Membership, Mr. Clark is a member of 
the A. 8. C. E. and the A. 8. T. M. and is 
an associate of the Highway Research 
Board. 


F. R. McMillan and |. L. Tyler 


both long-time members of the Institute 


ciate for the 


and former contributors to JouRNAL pages 
on numerous occasions, share honors for 
authorship of ‘‘Long-Time Study of 
Cement Performance in Concrete, Chapter 
1—History and Scope’’, on p. 441. This 
lead-off chapter of a series by several 
authors recounts history and background, 
and of the long-time 
research project being conducted by the 


financing scope 
Portland Cement Association. 

F. R. MeMillan, assistant to the vice 
president for research and development 
of the Portland Cement 
needs no introduction to 
readers and Institute 
perhaps 
medalist, 


Association, 
News Letter 
members. He is 
remembered as Wason 
and honorary 
member of the Institute, and author of 
ACI’s very successful and widely trans- 
lated “Concrete Primer’’. 


best 
past-president 
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Mr. MeMillan is a civil engineering 
graduate of the University of Minnesota 
(1905), and has been an ACI Member 
since 1916. During the four years follow- 
ing graduation he was engaged in rail- 
road. engineering and construction, build- 
ing construction and irrigation surveys. 
Then he became an instructor and later 
assistant professor in the College of 
Engineering at the University of 
Minnesota, where he became interested in 
concrete and reinforced concrete research. 
During World War I he was in charge of 
concrete ship tests for the Emergency 
Fleet Corporation of the U. 8S. Shipping 
Board. In connection with this work 
the sfrainograph was developed and the 
first strain gage readings of concrete ships 
at sea were made. 

After the war he worked as structural 
and hydraulic engineer and in 1924 joined 
the laboratory staff of the Portland 
YSement Association. In 1926 he became 
manager of the structural and technical 
bureau of P.C.A., in 1927 was appointed 
director of research and assumed duties 
in his present position just one year ago. 

In addition to his extensive ACI 
activities, Mr. McMillan has done com- 
mittee work for the A. 8. C. E. and the 
A. 8. T. M., and perhaps more than any 
other individual has been concerned with 
the activities on projects of the ‘“Long- 
Time Study”. 

I. L. Tyler, Institute member since 
1935, author of papers on concrete 
control at Norris Dam and on the 
Pennsylvania turnpike, graduated from 
Massachusetts Institute of Technology 
in 1923. During the next six years he 
worked on hydroelectric construction at 
the Big Creek Project of the Southern 
California Edison Co.; later he was office 
engineer with the Phoenix Utility Co. on 
construction of Ariel Dam in Washington, 
and in 1932 served as concrete technologist 
at Morris Dam in California. From 1934 
to 1939 he was materials engineer with 
the Tennessee Valley Authority in charge 
of inspection, concrete laboratories and 
technical phases of concrete construction 
on Norris, Chickamauga and Hiwassee 
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dams. Following work as concrete and 
materials engineer for the Pennsylvania 


‘Turnpike Commission in 1939 and 1940, 


he became research engineer with P. C. A. 
and has been in charge of all construction 
work and field inspection for the long- 
time tests. In 1945 he was appointed 
manager of field research, but he retains 
full responsibility for field work on this 
study. 


Michel Bakhoum 


new JOURNAL contributor from a foreign 
land adds to the store of design theory 
information with his scholarly “Analysis 
of Normal Stresses in Reinforced Con- 
crete Sections under Symmetrical Bend- 
ing’ which appears on p. 457 this month. 
Mr. Bakhoum sent his manuscript from 
the University of Illinois where he is 
now attending classes and doing experi- 
mental and analytical work under the 
direction of the civil engineering staff of 
the university. 

An Institute member since 1943, he 
graduated with honors in civil engineering 
at Fouad I University, Giza, Egypt, in 
1936 and then was appointed irrigation 
engineer in Upper Egypt by the Ministry 
of Public Works. After a year and a half, 
spent largely on flood control works on 
the Nile River, he returned to Fouad I 
University as demonstrator; he was later 
promoted to lecturer of reinforced con- 
crete theory and design. In 1941 he 
received his M. 8. in civil engineering 
there, and in 1945, his Ph. D. 

Mr. Bakhoum worked periodically from 
1939 to 1941 with the Misr Concrete 
Development Co., Cairo, on the design 
of various reinforced concrete projects in 
Egypt and South Africa. He is an asso- 
ciate member of the Institution of 
Structural Engineers (London), and since 
February 1946 has been at the University 
of Illinois as a “mission member sent by 
the Egyptian government”. 


Gustave Magnel 
another newcomer to JOURNAL pages, is 
responsible for the detailed account of 
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creep studies on steel and concrete which 
appears on p. 485. “Creep of Steel and 
Concrete in Relation to Prestressed Con- 
crete’ will appear as a chapter in Pro- 
fessor Magnel’s new book on prestressed 
concrete soon to be published on the 
continent, in three languages. 

Born in 1889, Gustave Magnel gradu- 
ated in civil engineering from the Uni- 
versity of Ghent, Belgium, in 1912. A 
member of the Belgian Academy of 
Science and technical adviser to several 
large contracting firms, he is now pro- 
fessor of structures and reinforced con- 
crete at the University of Ghent, and 
directs operation of the reinforced con- 
crete laboratory there. He was formerly 
chief engineer for D. G. Sonneville and 
Co., London, has written some 100 papers 
on structures and reinforced concrete, and 
is the author of a four-volume treatise on 
structures and three volumes on 
practical reinforced concrete design. 

ACI Member since 
1946, and is a member of the Institution 
of Structural Engineers. 


more 


He has been an 





Danish Institution of Civil Engineers 


announces the formation of its new con- 
crete and reinforced concrete section, in a 
letter from Neils M. Plum, chairman of the 
section, and an ACI member since 1946. 
The new section has been organized with 
the general objectives of collaboration and 
participation in the research and solving 
of both theoretical and practical problems, 
and also expansion of the knowledge of 
properties, correct manufacture and use of 
concrete materials. The three-point pro- 
gram for achieving these goals is outlined 
in the following excerpt from Mr. Plum’s 
letter. 


Establishing of all-around committees 
for the investigation of such practical and 
theoretical questions concerning concrete 
and reinforced concrete as require a 
further examination or revision owing to 
the development and/or special circum- 
stances, 


“Holding of meetings with lectures and 
discussions for members and arranging of 
courses and instructive lectures. 

“Issuing of periodic reports as soon as 
conditions make it possible and issuing of 
manuals ete.” 


Mr. Plum further states that, “It will, 
of course, be of the greatest interest and 
importance for us to get in contact and 
collaboration with similar institutions and 
associations in other countries, which are 
undoubtedly to a great extent dealing with 
the same problems, and according to our 
knowledge of your Institution we presume 
that you too will be interested in such 
collaboration.” 


Joshua L. Miner 


has retired as vice-president of the Lum- 
nite Division, Universal Atlas Cement Co. 
and resigned his ACI membership. Ap- 
pointed manager of the division, effective 
December 1, 1947, was Frank E. Lobaugh, 
who has been technical service director 
the past 3 years. 

Mr. Miner who joined ACI in 1922 also 
began work with the Atlas company in 
that year, and in 1924 became identified 
with the subsidiary company which was 
formed to produce Atlas Lumnite cement. 
In 1937 he was elected director and vice- 
president of the subsidiary. 

After graduating from Lafayette College 
in 1903, Mr. Miner began work as chemist 
spent ten years as manager for the Pitts- 
burgh Testing Laboratory in Dallas and 
New York, and joined Universal Atlas in 
1922. He has been a member of Com- 
mittee C-1 of the American Society for 
Testing Materials for more than thirty 
years and also has served on the executive 
committee of that society. 

During World War I, Mr. Miner served 
in a supervisory capacity with the Chief of 
Inspection, Purchase, Storage and Traffic, 
General Staff, U.S. Army. During World 
War II he was chairman of the technical 
advisory committee of the cement, lime 
and gypsum division of the War Produc- 
tion Board, 
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Since the introduction of calcium- 
aluminate cement in this country, Mr. 
Miner has been largely responsible for the 
development of its manufacture and use. 
In 1929 he traveled in Europe studying 
the methods of manufacturing this type 
of cement and inspected many of the 
structures for which it had been used. In 
recent years he has directed the research 
and field work which has resulted in the 
growing use of calcium-aluminate cement 
for refractory service and 
resistant installations. 


corrosion- 





The Board of Direction approved 53 
applications (41 Individual, 1 Corporation, 


2 Junior, 9 received in 
December. 

The Membership total on January 1, 
1948 after adjustment for a few losses by 
death, resignation and for non-payment 


of dues, is 3779. 
Individual 


Baez, Jose Ramon, Braulio Alvarez No. 
40, Ciudad Trujillo, Re- 
public, W. I. 

Baron, Frank, Dept. of Civil Engineering, 
Northwestern Technological Institute, 
Evanston, Ill. 

Binnion, Daniel Fletcher, 51 Trenant Rd., 
Salford 6, Lancashire, England 

Bradley, W. R., 2360 8. Downing, Denver, 
Colo. 

Butter, Hector, 6a Calle Oriente No. 34, 
San Salvador, El Salvador, C. A. 

Chilstrom, Arne Oswald, 55 Manor Ave., 
Pennsgrove, N. J. 

Cobb, Charles L., Box 806, Bay City, 
Texas 

Crosby, Albert Byron, 1035 8. Adams St., 
Denver 10, Colo. 

Dupont, Mario E., Tacna 252 
Lima, Peru, 5. A. 

Espinola, Hernan, Edificio Diez No. 419, 
Ciudad Trujillo, Dominican Republic, 
W. I. 

Fung, Lok-hung, 
Denver 2, Colo. 


Students) 


Dominican 


Barranco, 


Y.M.C.A., Rm. 


519, 
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Grandage, Norman Alexander, The Hey, 
Marsden, Huddersfield, 
England 

Helms, S. B., Lehigh Portland Cement 
Co., R. D. 1, Coplay, Pa. 

Hsia, David 8. M., 


Yorkshire, 


International Engi- 


neering Co. Ine., 309 Chamber of 
Commerce Bldg., P. O. Box 356, 
Denver, Colo. 
Hulsbos, Cornie Leonard, 435 Pammel 


Court, Ames, Iowa 

Javeri, Chandrasinh Chimanlal, Tribho- 
vandas Hill, Murzaban Road, Andheri, 
India 

Jimenez F., Mario R., Pina 17-A St., 
Ciudad Trujillo, Dominican Republic, 
W. I. 

Kampf, Leo, 120-55 Queens Blvd., Kew 
Gardens 15, N. Y. 


Keaveny, Felix J., 162 Hunter Ave., 
Yonkers 4, N. Y. 
Kelopuu, Beato, Hechelininkato 514, 


Helsinki, Finland 
Killinger, Frank. R., A. J. Hales & Co., 
Inc., 959 32nd St., Oakland 8, Calif. 
Koch, Charles, 815 FE. 125th St., Cleveland 
8, Ohio 
Kroc, Richard J., 775 Ivy St., Denver 7, 
Colo. 
Krawezyk, K. 
Boston, Mass. 


J., 300 Berkeley St., 


Lasala, Gilberto Mario, Fray Justo Sarmi- 
ento 933, Florida, FCCA, Argentina 


Lindberg, David, R. D. No. 5, Warren, 
Ohio 
Macdonald, Robert Holmes, The Steel 


Company of Canada Ltd., 73 Garfield 
Ave. S., Hamilton, Ont., Canada 
Moore, Emmett H., c/o Dravo Corp., 
300 Penn. Ave., Pittsburgh, Pa. 
Navoa, Amado B., 1011 Antonio Rivera 
St., Tondo, Manila, Philippines 
Neill, Charles Henry, Station 
Guam, Guam 


No. 10, 


Odell, Edward Everett, ¢/o Raymond 
Hegeman, Apartado 45, Barcelona, 
Venezuela 

Pessolano, Anthony F., Box P 15th 


Naval District, Balboa, Canal Zone 
Philippe, Harold Truxton, ¢/o Australian 
“Cement — Ltd., 

Australia 


Geelong, Victoria, 
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Ponzer, H. 8., Trinity Portland Cement 
Division, General Portland Cement Co., 
P. O. Box 152, Houston 1, Texas 

Robinson, Bernard L., Engineering Divi- 
sion, Association of American Railroads, 
59 EK. Van Buren St., Chicago 5, IL. 

Serra, Jaime Fullana, Long Construction 
Co., Box 3909, San Juan, Puerto Rico 

Sturdy, Howard H., Dravo Corporation, 
The Contracting Division, Neville 
Island (25) Pittsburgh, Pa. 

Milton L., 2903 
Houston 3, Texas 

Trueba, Ramon, Calle Av. Cordell Hull 
No. 21, Ciudad Trujillo, 
Republic, W. I. 

Walters, John A., 
Kans. 

Wilson, Addison G. Jr., 
Ave., Dallas 6, Texas 


Swann, Renshaw, 


Dominican 


Box 30, Manhattan, 


5406 Richmond 

Corporation 

Pasadena, Municipal Light & Power Dept., 
Rm. 302, City Hall, 100 N. Garfield Ave., 
Pasadena 1, Calif. (Harold H. Lewis) 

Junior 

Edward Richard Jr., 303 8. 
Boulevard, Richmond, Va. 

Sloane, Barry Crewe, 47 Bath Avenue, 
Rosebank, Johannesburg, S. Africa 

Student 


Caballero, Santiago Corro, Avenida 4, 162, 


Estes, 


, 


San Pedro de los Pinos, Mexico, D. F. 

Walter 
Alectricas, Departmenta de Ingenieria, 
San Jose, Costa Rica, C. A. 

Clark, Malcolm Ernest Jr., Box 432, Louis- 
iana Polytechnic Institute, Ruston, La, 

Erten, Salih Adnan, Box 509 Station A, 
Champaign, III. 

Magbanua, Leon C., The Cebu Institute 

Ramos St., 
City, Cebu, Philippines 

Malkocoglu, Lutf Ullah, 308 Eddy St., 
Ithaca, N. Y. 

Salazar, Ricardo F., Apt. 251, Glen 
Springs Hotel, Watkins Glen, N. Y. 

Thomas, K. C 


Castro, Sagot, Companias 


of Technology, F. Cebu 


. Carnegie Institute of 


Technology, Pittsburgh 13, Pa. 

Venegas, Leon, Apartado 26, Compania 
Nacional de Fuerza y Luz 8. A., San 
Jose, Costa Rica 


Finland's Institute of Technology 

Dr. Martti Levon, president of Finland’s 
Institute of Technology writes ACI his 
personal thanks for a gift of some ACI 
literature (News Letter November, 1947) 
and further says: “During the war our 
Institute of Technology was twice very 
severely bombed. At the second bombing 
our library 80,000 
volumes was completely destroyed. We 


comprising about 
have now begun to rebuild our library 
both through purchases and donations 

It is our purpose to create a technical 
central library for the use of the Institute 
of Technology as well as the research in- 
However, the 
difficulties in getting foreign funds make 
difficult the acquiring of foreign literature 


stitutes and the industry. 


and periodicals. We are therefore -very 


appreciative for the contributions we 
receive.” 

Contributions may be sent to the Lega- 
tion of Finland, 2144 Wyoming Avenue, 
N.E., Washington, D. C. Parcels should 
be marked for the Institute of Technology, 
Helsinki, and will be forwarded by the 
Finnish minister. 


Harvard courses on cement and 
concrete technology organized by 
Henry L. Kennedy 

News Letter references to appointment 
of Institute members to the Harvard Uni- 
versity faculty (see News Letter October, 
p. 11 and November p. 12) have brought 
to light the entire story of the course in 
concrete technology offered by the Harv- 
ard Graduate School of Engineering. 

It was at the request of Prof. Arthur 
Casagrande, about two years ago, that In- 
stitute director Henry L. Kennedy out- 
lined a new course in cement and concrete 
technology, and selected the outside lec- 
turers to participate. The course, as it 
has developed, is an outstanding one. 
It lasts 9 weeks during the summer and 
covers every phase of the work from the 
manufacture of portland cement to the 
latest in mixing and placing, and _ soil 
cement. In conjunction with his work 
on this project Mr. Kennedy was ap- 
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pointed to the Harvard faculty as a 
lecturer in concrete technology. 

Other members of the Institute who 
have participated or are participating as 
lecturers in the course are President 
Stanton Walker, Vice President Robert 
F. Blanks, Charles E. Wuerpel, A. T. 
Goldbeck, R. W. Brandley, Ruth D. 
Terzaghi and F. J. Mardulier. 


Honor Roll 


February 1, 1947 to January 1, 1948 








1947 Membership Increase 2234 
percent 


As this Journal goes to press the race 
for top honors in the effort to maintain 
ACI’s healthy growth in membership 
goes into the “stretch”; the 1947 Honor 
Roll will end with the tallying of new 
member applicants for the month of 
January. Already, since it is well along 
in January as these lines are written, it 
seems that the January 1 membership 
total of 3779 may be increased by at 
least 100 if the Board approves the names 
to be referred to it shortly after February 
1. Let’s speculate a little; let’s suppose 
the total becomes 3875 by February 1! 
That would be a net increase of an even 
800 for the 13 months ending January 31, 
1948. Sticking to known facts, January 
1, 1947, we had 3075 members; January 
1, 1948, 3779 members. <A year’s net 
increase of nearly 23 percent. 

The honor roll shows how it is done by 
the direct approach of “members who 
know” to “non-members who want to 
know.” 

Prof. Newlin D. Morgan, University of 
Illinois, with 19 new members, tops the 
honor roll as of January 1; Robert F. 
Blanks, Bureau of Reclamation, (pre- 
sumably the next ACI president as the 
ballot provides no contest) has a contest 
on his hands with Alberto Dovali Jaime 
of Mexico City who ties for second place 
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at 13 members. Henry L. Kennedy, 
Dewey & Almy Chemical Co., Cambridge, 
Mass., is next with 11144; John C. King, 
Denver, scores 11; Prof. C. A. Hughes, 
before his death last summer, had scored 
8; E. W. Thorson, Chairman ACI Denver 
Convention Committee, also has 8 new 
members to his credit. Five members 
have scored 7 each; four, 6 each; there 
are seven with 5 credits each; two with 
44; four with 4; three with 314; twelve 
with 3; four with 214; twenty-five with 2; 
twenty with 114; and 144 with one new 
member each; plus about 170 with a 
one-half credit. 


Add them up. The result is that the 
approximately “400” on the honor roll 
account for more than 500 new members. 
You will have another opportunity 
starting February 1, 1948. 

The immediate goal is 4000 ACI mem- 
bers by the adjournment of the 1948 
convention on February 25 or let’s say 
4000 approved by the Board effective 
March 1, 1948. 


Below is the score in detail with thanks 
to ACI’s “Four Hundred’, the prose- 
lyting 10 precent of our membership. We 
learned not long ago that approximately 
8 percent of our members write the 
Journal papers (a good many names 
oceur on both lists). 


Newlin D. Morgan,.............. 19 
PRUs IID nog cs ince vecees 13 
Alberto Dovali Jaime............ 13 
Henry L. Kennedy............... 11% 
PT IES Ss 5.0 cc 0s deecvcseos 11 
re 8 
“ree s 
A Serer es 7 
Newlin D. Morgan Jr. ............ 7 
eee 7 
Howard R. Staley.........:....... 7 
ee eee 7 
Elmo C. Higginson............... 6 
IGS 6h. 5.0.000% sco's cv cb ees 6 
re — 
Were MAGGOP ...... wc cesses 6 
MIS IES ioc kno oslo vedcce cued 
CTT. oa cb cec-coeeeedees 5 
BE Vs HEIR wok c conde edieccs 5 


— 


EE 
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Robert L. Mauchel.......... Ji pT ee Ne 2 
James A. McCarthy........... a E. Copeland Snelgrove............ 2 
Ns 5s i wsian bb ovis bere 5 Wey Be. RS. 5 oh os ko bir ecess 2 
OS | re ar 5 J. Antonio Thomen............... 2 
Lloyd R. Bowman................ 4} Si ie I da 0's 05 ei cdAabewben 2 
CS IEP SORES Fy TET ee 444 Emanuel Ben-Zvi................. 1% 
IE oo iiss: 0.deisle welees 4 ee ene ot ee 1% 
BE. Gonzalez-Rubio................ 4 | Sree a 144 
EE I Sg ote ko ac adn sda nga 4 Frederick L. Browne.............. 1% 
SG Fe). ae rae Pe 4 Wilbur H. Chamberlain...........14% 
NN rr a re ee ee 1% 
Bh, MUNI 5.5 5 a0 0.010 0's oorele-0 artes M565 S:teid knee vv Deco 1% 
Ray A. Young....... hs .. 60 Re Torres Colomiess.«.. oo... .... 1% 
Jose Luis Capacete............... 3 William A. Cordon............... 1% 
NS ee a re 1% 
SS ons oo cwcieuesimeens 3 SN MAES. 5s « scaled ou beak 1% 
ae” | re ee 3 H. J. Gilkey... oandgntese 
i Ee er 3 Walter Gridsbach............::...83 
Harmon Meissner.................3 Donald G. Kretsinger............ 1% 
SE is MOS 9:0:<< 4. 4.00360-0'8 we 0 ba 3 ee ere 1% 
Jerome P. Raphael......... we Ci ED SI ais 5 5605s «eens 144 
ee 3 Dowdins BE. Parsons. .....:....60 00000 1% 
RS oo ok dose nade ones 3 ES | ees es 1% 
Ne errr rrr ee 3 pe ee eee 1% 
ss ONE, 2... 5 ee ee ee PP Ry EE Peo 1% 
W.:Fisher Cassie. Slee a eee vo Bi wa sos da bee 144 
ee TET Tere 234 Ebert K. Abberly..............000. 1 
I ION oy ois 00 0.0.6 00k die oe 2% Jerome O. Ackerman............... 1 
George Winter Bye. FRM bac ic ac ees meee 1 
ee = 3 | re Seer wr 1 
SE I, ss o'o:0-0i0.a 0.00 Owe we ious 2 Fred G. Allison... sce eke ade ae 1 
Oliver G. Bowen... ‘4 tee ola Pametae A. AMO... ... 6s. cwieck bcos l 
ReenOG OM, WUINOCK.... ce cctsvsecen 2 SOD TEI. ng. 0. 5 8 o's.04 vreaeecd 1 
MUD NUNN no 56 044 olf d-v ade wate 2 Roland E. Bansemer................1 
Rene M. Castillo. ... 2 SEM IRIE cba xu + +4 20 tc kha eee 1 
R. A. Crysler... ae Hl. D. Baylor. ss Ot Ah 
Jack Figilis 2 Wha Gs MU ca hv cen dks hue 1 
W. C. Huntington ne ee te SRM eas. « wind areca aaa ] 
nn Oe SPT ere TTT eS 2 Fic Ske DONNA. i6 i> é ass apna ] 
W. E. Lumb. . on ib eae eal ge ee eee ae 
es i oe eee huteak awa Tees dB. i iiecaan ed 1 
os ks cemeevae eae 2 Se NS ... 5 Saas cee kk ees l 
Frederic Theodore Mavis... 2 Ernest. W. Burke... .....0cce0cce i 
F. R. McMillan............ 2 Bi eG hoses ci Sh cates woe a 
Richard C. Mielenz............... 2 a ee ee es 1 
Carlos Plaza...... ee 2 Ce) nr re 1 
Niels M. Plum Pac aiedtd 2 pO Pe Pree me 1 
Mario Quiros =o a Bh a eS 5h od cds hak es Oe 1 
a han'ncde bs tanh sta% 2 A ee ee l 
Clarence Rawhouser.............. 2 pe at ee eee = oe 1 
in on 5446 60 ewe dant sh 2 Aloysius EB. Cooke........cesscisens 1 
Fernando Rojas B.. : 2 Bess SS 0's s+. dha cnemmedets 1 
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SEE Oe 1 
I 5 C0 oA 6G Salou e's oho 1 
eee 1 
Robert G. Deitrich................. 1 
Gg 1 
Sa ree 1 
peatamo Beguivel ¥...............8: 1 
UEMMESIIIOER 5 oct ssc ctccccece 1 
UI sc sk c ccc ces cu ce ee 1 
muowere W. Freeman. ............... 1 
Athol C. Garing...... TE aoe. Heater 1 
Anthony J. Giardina................ 1 
Ty hil dad cade eck co's tie 1 
Oe ee 1 
RS oa kia ccs esse saceans 1 
re 1 
SE ere eee ee 
CE ESSE ee err e 1 
PTET ee 1 
SESS ie oe ener A aren 1 
OS a a ee 1 
Luis Gonzalez Hermosillo........... 1 
IMI, aks soc eh od sees 1 
Lawrence R. Hjorth................ 1 
Edward L. Howard................. 1 
nS, ss o's le ah.e 5d o's on'e 1 
ney rere ae 1 
Harry B. Hunter............. et” 1 
Ee errr re 1 
Pe 1 
ME PEE MOOUOON so. os ck oe cp ee 1 
ee ee ee rae 1 
Ee ee ey ee 1 
Oe a a 1 
en Oa ee 1 
Pema We SOUNGON.................. 1 
NN FECT TET 1 
a re 1 
oi ic d.g.ae ck see cect 1 
Te a 1 
Thomas B. Kennedy................ 1 
George J. Kerekes.................. 1 
Robert C. Kirchner..............<... 1 
Wee OM cs. ssa cc es oa 1 
Lie iakisica cab aes 1 
EC nis lids akless cs 1 
Douglas S. Laidlaw................. 1 
Luis A. Pietri Lavie................ 1 
Ea a 1 
8 SEH aa 1 
LD. Sac es acs ceecte ce 1 
pp a OS ee 1 


Gastave Biomed. ... 2.0.2... 050.0., 1 
SS 1 
Benjamin Malts.................... 1 
a 1 
Thomas J. McClellan............... 1 
James E. McClelland............... 1 
Se ee eee ee 1 
Duncan McConnell................. 1 
od. s ec ch a cea k va essa 1 
Douglas McHenry.................. 1 
a RR 1 
TIS War, Wn b's & Oise as cise v's 1 
Leonard J. Mitchell................ 1 
Orenee Blometio;:.. ... 5 6. 2 
UES ee ea oa lie es Fob ase 1 
Weems. Baoan... os So. eS le. oe 
ce Ee a Roar 1 
Oe 1 
Cone, Ce ge ids wcaccs 1 
Sy eee eee 1 
Wiltam Otoovaky.................. 1 
SY Us 6s. secs ds ba eee 1 
es ee eee 
EE | ee i rer 1 
pS A ee 1 
0 © 1 a 1 
ars 1 
a aay tae 1 
Robert F. Pifroelh........ 2.5... 200s 1 
Wane A. POOVE..... 2... - scenes 1 
Theodore O. Reyhner............... 1 
Oe rene ae ee 1 
PIR gow Ss os dacsccesss 1 
Manuel Ray Rivero................ 1 
MMRIT, oi BS So ck ss ack owes 1 
Alexander P. Rodionov............. 1 
Mee NS os awed. occ ds wus osc 1 
i e. Narayana Row...:...:.:..... 1 
eC erie Cire 1 
ee ee ee 1 
Charles H. Scholer.... . heb ee 
ay 
ee. SOT 1 
ce! 1 
C. Clayton Singleton............... 1 
eed i nin Ok 6 a haa wed os 1 
SS 36 84 5 nee de bua vei ov 1 
. IIS Ds Pr a 1 
PE Cha sda cdaskcrs O¥s--% 1 
er ee es se ee ein 1 
Eee ee caer ae 1 
ype oe Ey UA a hel aE 1 























ACI NEWS LETTER 


a 1 
John H. Swerdfeger................. 1 
INE PMMINIID 3.050 0g sce se cnu ee 1 
ONS 5 i) 5erandioinns wigid » sie 
NS: a6 sous 6b dpn-04 inn we 1 
SSS Ee re rare 1 
P. H. Vaidyanathan................ 1 
ee a re l 
a os dp el ckiaidtereY Stare 2 1 
SNR ois aw 5, </o'd 4 v da er 1 
RE ON ee. One's Sak 1 
ee cin hos oka o 9 eRal daha 1 
Frederick N. Weaver............... 1 
Es os kod aa'h oe A wate 1 
I. orn is, c'aive a's, age Suiicend ears 1 
Alexander H. Yeates................ 1 
IN RI S55 5 iach oo. si koa's. Ose BA 1 


The following credits are in each in- 
stance, “50-50” with another Member. 


Marcelo Abadia 
George C. Alden 
Herbert C. Allen 
Edwin C. Anderson 
C. V. Antenbring 
Joseph Avant 
Michel Bakhoum 

8. Balu 

O. C. Balmer 

S. B. Barnes 
Ellwood Lewis Bartz 
Jack R. Benjamin 
N. K. Berry 

H. J. Bezette 

Carlos Blaschitz 

A. J. Boase 

J. M. Breen 

George C. Britton 
C. P. Brzozowicz 

R. A. Burmeister 

A. 8. Butterworth 
John H. Cassidy 

W. L. Chadwick 
Wilbur H. Chamberlin 
James H. H. Chun 
A. D. Ciresi 

William L. Cobb 

A. R. Collins 

V. N. Connor 
Herbert K. Cook 
John W. Cook 
Rolland Cravens 
William P. Crawford 
Edgar A. Cross 

E. H. Darling 

G. E. Davis 

Frank L. Dienst 
Joseph Di Stasio 
aN Dobson 

H. G. Doidge 
Atahualpa Dominguez 
C. Martin Duke 
Clarence W. Dunham 
John R, Dwyer 


Edward J. Glennen 
L. E. Grinter 
Bernardo Guerrero 
Toliff R. Hance 
W. S. Hanna 
Stephen L. Heidrich 
R. G. Hennes 
Eugene J. Herkovic 
A. W. Hicks 
Lester G. High 
Oscar Hoffman 
Myle Holley Jr. 
Leonard C. Hollister 
C. M. Howard 
George A. Hyde 
Robert B. Hyslop 
Joseph L. Johnson 
R. C. Johnson 
Paul A. Jones 
Samuel Judd 
William R. Kahl 
W. G. Kaiser 
H. A. Kammer 
R. R. Kaufman 
Edgar R. Kendall 
Frank Kerekes 
Morgan B. ‘Klock 
Wm. J. Krefeld 
Arthur Krueger 
T. R. S. Kynnersley 
M. B. Lagaard 
Clarence L. Laude 
Norman Dale Lea 
Wm. Lerch 
John F. Long 
John E. Lothers 
F. A. Luber 
Raul Lucchetti 
H. St. J. R. de Lys- 
Gregson 
M. F. Macnaughton 
Harry K. Makino 
George A. Mansfield 
Bryant Mather 


F. L. Ehasz D. W. McLachlan 
aay Englander H. H. McLean 
A. ‘arley Ernest W. McMullen 


Homer G. Farmer 

Rudolf Fisch] 

Alexander Foster Jr. 
). Frech 

P. J. Freeman 

Frank M. Fucik 

M. F. Goudie 





Harry I Meyer 
R. E. Mills 

R. E. Minshall 
Hugh Montgomery 
R. M. Moorhead 
E. E. Morgan 
John R. Morris 


George H. Nelson 
Henry L. Neve 

Wm. D. Nowlin 

Ben E. Nutter 

F. W. Panhorst 
Amand Parent 
William E. B. Parker 
Jerome P. Pasquarelli 
Orin G. Patch 

Y. G. Patel 

J. C. Pearson 


John Kevan Peebles Jr. 


Robert L. Pelton 
Henry A. Pfisterer 
Robert E. Philleo 
Ernest Pichel 
James A. Polychrone 
Herman G. Protze 
John A. Randall 
Walter F. Rasp 
Carl F. Renz 
Roger Rhoades 
Ross M. Riegel 
Dwight F. Roberts 
D. O. Robinson 
Henry R. Schaefer 
Alphons E. Schmidt 
William D. Schoell 
Herman Schorer 
C. H. Schwertner 
H. Scofield 
E. W. Scripture Jr. 
Julian B. Shand 
Ralph L. Shelton 
R. R. Sheridan 
Joseph J. Shideler 
E. C. Shuman 
Arthur P. Skaer 
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Aubrey B. Sleath 

R. W. Spencer 

Ernest O. Sweetser 

M. A. Swayze 

Harold 8S. Sweet 

Warren H. Thompson 

T. Thorvaldson 

A. G. Timms 

Manuel A. de Torres 

G. E. Troxell 

Frank Sweeney Tuck 

I. L. Tyler 

Dayalal Ramji 

Vadgama 

Maurice P. Van Buren 

Jose Antonio Vila 

Charles A. Vollick 

Clarence Volp 

James D. Wall 

Donald R. Warren 

Ray V. Warren 

Stewart F. Weikel 

Alexander Weinbaum 
Wenger 

Arthur J. Widmer 

G. M. Williams 

Edward Lewis Wilson 

Walter I. Winner 

Ralph E. Winslow 

Herman C. Witte 

Leslie P. Witte - 

Harry C. Witter 

Henry 8S. Witulski 

Robert H. Wood 

Silas H. Woodard 

R. B Young 

Roy N. Young 

Roy R. Zipprodt 





ACl's “Detailing Manual” has wide- 


spread use in class rooms and design 


offices 


The Institute’s “Proposed Manual of 


Standard Practice 


for Detailing Rein- 


forced Concrete Structures” developed by 
ACI Committee 315 under the Chairman- 


ship of Arthur J. 
siderable cooperation 


Boase and with con- 


of the Concrete 


Reinforcing Steel Institute has apparently 
caught up with a real need in engineering 


schools. 


That is part of the background of the 
request of Committee 315, approved by 
the ACI Standards Committee, to present 


this work, as is, 


to the 1948 ACI con- 


vention for adoption as a full standard. 


The book has been moving out of ACI 
stock rooms rapidly and in considerable 


quantities to 
schools. 


widespread 
Among those which have pur- 


engineering 


chased large quantities for class room 
use the Institute is glad to mention the 


following 27 such 


institutions in the 


United States and Canada—the list giv- 
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ing only a fractional idea of the present use 
of the book in engineering schools and in 
design offices. 

Alaska, University of 

University, Alas 


Alberta, University of 
Edmonton, Alta. 

British Columbia, University of 
Vancouver, B. 

Colorado University 

Boulder, Colo. 

Florida, University of 
Gainesville, Fla. 

Illinois Institute of Technology 


Technology Center 
Chicago 16, IL. 


Illinois, University of 


Urbana, 


Iowa State College 
Ames, Iowa 


Lehigh University 
Bethlehem, Pa. 

Louisiana State University 
Baton Rouge, 

Maine, University of 
Orono, Maine 

Manhattan, College 


4513 Spuyton Duyvil Pkwy. 
New York 63, N. Y. 
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Manitoba, University of 
Winnipeg, Man. 

Michigan, University of 

Ann Arbor, Mich. 

John K. Minasian : 
School of Applied Engineering 
233 So. Broadway 

Los Angeles 12, Calif. 
Minnesota, University of 
Minneapolis 14, Minn. 
Mississippi State College 
State College, Miss. 

New York University 
University ee 

New York 53, N. Y. 

Notre Dame, “ niversity of 
Notre Dame, Ind. 

Ohio State University 
Columbus 10, Ohio 

Oklahoma Agricultural and Mechanical College 
Stillwater, Okla. 

Queens University 

Kingston, Ontario 

Rensselaer Polytechnic Institute 
Troy, New York 

South Carolina, University of 
Columbia, 8S. 

Utah State Agricultural College 
Logan, Utah 

Virginia, University of 
Charlottesville, Va. 
Washington, University of 
Seattle, Wash. 
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American Concrete Pipe 
Association will meet 


Initial plans for the 40th Annual Con- 
vention of the American Concrete Pipe 
Association call for a three day session 
in March at the Hotel Roosevelt, New 
Orleans, Louisiana, according to a recent 
announcement. 

Howard F. Peckworth, managing 
director of the association stated that 
registrations and preliminary meetings 
will take place on Thursday, March 11, 
and the grand opening reception will be 
held at 5:00 o’clock. Formal meetings 
and the annual banquet will be held on 
Friday and Saturday, March 12 and 13. 
An additional special social program has 
been planned for the ladies. 


Discussible subject matter gets re- 
action in sand and gravel and ready 
mixed concrete groups 

Two interested spectators paused at the 
periphery of joint sessions of the National 
Sand and Gravel Association and the 
National Ready-Mixed Concrete Asso- 
ciation, Netherland Plaza Hotel, Cin- 
cinnati, several times in the week of 
January 19. From their vantage point 
they could see the thing not only in some 
of its detail of subject matter but as a 
total performance in engaging actively 
the “selfish interests’ of the largest con- 
vention the organization has ever had. 

There were two kinds of meetings, 
those occupied with business consider- 
ations, freight rates, taxes, labor policies, 
accounting and such. They were handled 
by Vincent P. Ahearn, executive secretary. 
Other meetings were concerned with 
engineering problems, directly at their 
points of impact on sand and gravel and 
ready mixed concrete, getting things done 
the best way, with conditions as they 
are. Sessions went into such subjects as 
these: “The Basis for Purchaser Require- 
ments” by R. R. Litehiser, Chief Engi- 
neer Testing and Research Laboratory, 
Ohio State Highway Dept.; “Specifying 
Aggregate on a Concrete Strength Basis” 


by C. E. Proudley, Chief Materials and 
Test Engineer, North Carolina State 
Highway and Public Works Commission; 
“Special Characteristics for Concrete 
Aggregate’ by J. F. Barbee, Engineer, 
Concrete Tests, Testing and Research 
Laboratory, Ohio State Highway Dept.; 
“Problems of Producing Sand and Gravel”’ 
by Stanton Walker, and another by the 
same author “Effect of Characteristics of 
Aggregates on Properties of Concrete’’. 
Then there was an open forum on ready- 
mixed concrete specifications and pro- 
duction problems with addresses on 
“Specifications for Ready Mixed Con- 
crete” by Stanton Walker and “Use of 
Ready Mixed Concrete in Highway 
Construction” by J. F. Barbee. 

Meetings were in a round table sort of 
manner and the reaction from the floor 
was considerable, a tribute to program- 
making to engage the widest possible 
interest and reactions. It was evident 
that many problems were those of the 
audience and they did their bit in solving 
them. Programs of an engineering nature 
were under the guidance of Stanton 
Walker, engineering director of both 
organizations, who retires next month as 
president of the American Concrete 
Institute. 
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ACI Code approved as A.S.A. 
Standard 


The Institute’s ““Building Code Require- 
ments for Reinforced Concrete’ (ACI 
318-47) was approved by the American 
Standards Association January 12, 1948, 
as American Standard, A89-1-1948. 


New engineering curricula proposed 


at N.Y.U. 


Dean Thorndike Saville of New York 
University’s College of Engineering re- 
commended a distinctly new approach to 
the problem of engineering education in 
his recent annual report to Chancellor 
Harry Woodburn Chase. N. Y. U. says 
that no college has such a course, Under 
the new plan, a general four year course 
would be established for substantially all 
engineering students, uniform, or nearly 
so, for the first three years, adding to the 
basic sciences and fundamental engineer- 
ing subjects now offered, courses in 
history, public affairs and economics and 
leading to a degree of bachelor of engi- 
neering. Highly specialized subjects now 
on the increase in several sophomore and 
junior year curricula would be omitted. 
The senior year would have a considerable 
number of electives, designed on the one 
hand for those who expect to terminate 
their technological engineering education 
in four years, and on the other hand for 
those who by desire, aptitude, and ability 
planned or were selected to take a fifth 
year of specialized programs leading to 
the designated bachelor’s degrees such as 
A. E., C. E., M. E., and E. E. 


Perhaps 50 percent of the total, com- 
pleting their work for the Bachelor of 
Engineering, would be prepared through 
judicious choice of senior electives to 
pursue careers other than strictly pro- 
fessional objectives. They would be 
even better prepared for managerial posts 
in industry and government than many 
present graduates, as they would also be 
for the types of non-specialized careers 
needed for. sales, teaching and foreign 
service. They could pursue graduate 
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work in many other fields for which their 
aptitudes and desires had developed. 


The master’s degree would be restored 
upon a really post-graduate level. Due 
to the increase in important engineering 
and scientific specialties, impossible even 
to crowd into many of the presently 
highly specialized undergraduate curri- 
cula, the master’s degree has increasingly 
become merely a fifth engineering year 
in which there is time to pick up special- 
ized courses, for a specialized job. Ad- 
vanced scholarship and research have 
declined, in Dean Saville’s opinion. 

Adoption of the new engineering pro- 
gram will depend on its acceptance by a 
dozen or more large engineering colleges 
after industrial and government agencies 
are convinced that the plan will be bene- 
ficial to them in employing future engi- 
neering graduates. Some faculty members 
must change in the established policy of 
adding more and more specialized courses 
in undergraduate curricula to meet new 
technological developments. 

Dean Saville’s report also points out 
that if the new plan is adopted, students 
must be given special guidance in order 
to select accurately those who should 
pursue general or specialized undergra- 
duate work. 


Census of manufactures 

J. C. Capt, Director of The Bureau of 
Census, in a letter to the Institute indi- 
cates that the bureau has laid the ground- 
work for the most important census of 
manufactures ever taken. It will be 
particularly true from the standpoint of 
the changes that have occurred since 1939 
in the number, size, output, and geo- 
graphic distribution of manufacturing 
establishments. Forms for the confi- 
dential “Census of Manufactures: 1947” 
for concrete and sand-lime products were 
mailed during the month of January. 
Mr. Capt urges that accurate and com- 
plete report be made promptly on the 
part of manufacturers to enable the 
bureau to compile and publish the results 
more quickly at a considerable saving in 
public funds. 
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Construction dollar volume at peak 

F. W. Dodge Corp., a fact-finding 
organization for the construction industry, 
has announced that the dollar volume of 
contracts awarded in the 37 states east 
of the Rocky Mountains last year was 
the highest in the nation’s peacetime 
history. Only 6 percent under the all- 
time record of 1942, peak year of war 
construction, it was 4 percent above the 
dollar total for 1946. 

Last year’s increase in contract volume 
did not reflect fully the performance of 
the construction industry; Dodge corpo- 
ration points out that last year opened 
with an extraordinary volume of con- 
struction projects contracted for and 
started in 1946 and which were carried 
over into 1947 for completion. 

“Last year was marked by a very con- 
siderable speed-up in rates of completion 
of all types of residential and nonresi- 
dential projects following the industry’s 
faltering performance in 1946 when strikes 
in major industries slowed building 
material deliveries, and various govern- 
mental controls and restrictions interfered 
with the smooth functioning of the 
industry.” 

The 1947 total for building and engi- 





PROFESSIONAL CARDS 





Knappen Engineering Company 


Consulting Engineers 


Ports, Harbor Works, Flood Control, Hydro-Elec- 
tric Power, Dams, Bridges, Tunnels, Highways, 
Airports, Traffic, Water Supply, Sewerage, 
Foundations, Soil Studies, Investigation, 
Design, Supervision. 


280 Madison Avenue, New York 
Miami, Buenos Aires, Caracas 


L. COFF, Consulting Engineer 
198 Broadway, New York, 7, N. Y. 
Telephone: Cortlandt 7-2753 


PRESTRESSED 
CONCRETE STRUCTURES 


Design, Estimates, 
Construction Methods, Supervision 








neering contracts in all classifications was 
$7,759,868,000 compared to $7,489,722,000 
in 1946. Within the over-all increase 
of $270,000,000, heavy engineering pro- 
jects accounted for $259,000,000 and 
combined residential and nonresidential 
building accounted for $11,000,000. Re- 
flecting the higher construction costs 
that prevailed in 1947, there was a 14 
percent decline frém the preceding year 
in floor area contracted for. 

New high dollar volume records were 
set during the year in metropolitan New 
York and northern New Jersey; western 
Pennsylvania and West Virginia; and 
southern Michigan, 


Light-weight aggregate 

J. Don Alexander, president of the 
Alexite Engineering Division of Alexander 
Film Co., Colorado Springs, Colorado, 
announces that after six years of mining 
and expanding vermiculite and _ perlite, 
the company has opened a perlite mine in 
Colorado. 

Perlite, (75 percent silica) is of volcanic 
origin, containing entrapped water. The 
Alexite product has the trade name 
Peralex. ‘“‘When crushed and sized, the 
ore is expanded at controlled high temper- 
ature. It softens and the water expands 
to steam. The steam causes the mineral 
to pop like popcorn. Tempering plates 
each particle with a tough vitrified water- 
proof surface. The result is a series of 
light weight, pure white aggregates con- 
taining millions of air cells under partial 
vacuum, weighing about 1/10 as much as 
sand and gravel. Weights of the different 
sizes of peralex aggregate range from 7 
to 15 lb per cu ft. The larger sizes are 
used to replace sand and gravel in blocks, 
bricks, load-bearing walls, and masonry, 
where strength and insulation are required. 
It is claimed that such load-bearing 
masonry, when made with peralex, has 
approximately ten times the insulating 
value of the same mix of sand and gravel. 
The smaller sizes are lighter in weight and 
are used for insulated fire-proof roof decks, 
sound deadening fire-proof plaster and 
various end products.” 
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“Short” and ‘‘refresher’’ courses 

The increasing number of “short 
courses,” in this and that, is but one 
interesting aspect of the growth of adult 
education—short courses for those whose 
jobs or whose leisure, plus an inquiring 
mind, have been the incentives. Mention 
has already been made (‘Quality control 
and mix design”, December ACI News 
Letter, p. 14) of the “Short Course of 
Instruction on Design and Control of 
Concrete Mixtures’ of the National Sand 
and Gravel Association and the National 
Ready Mixed Concrete Association in 
cooperation with the University of Mary- 
land College of Engineering, November 
17 to 22 where 36 students registered. 
Twenty-three took the conventional final 
examination, and 11 were graded A; 
nine B; one C; and two D. In a report 
to member companies Stanton Walker, 
director of engineering of both sponsor- 
ing associations, records that the men 
taking the course covered a wide range 
in age, education, and industry experience 
which made it difficult to select a curricu- 
lum which would result in the greatest 
benefit to the group as a whole. 

Some features of the course were more 
elementary than necessary for some, and 
less elementary than desirable for others. 
It kept close to the need of the middle 
group. Yet even for advanced students 
it was believed that it would serve as a 
good refresher course; for the beginner, 
it was expected to introduce him to the 
literature and whet his appetite for 
further study. Who does not need 
refresher courses! ACI might oftener 
consider that in its publications program. 


Edward W. Scripture receives French 
decoration 

Dr. Edward W. Scripture, Jr., ACI 
Member since 1931 and vice president in 
charge of research, the Master Builders 
Co., recently was decorated with the 
“Palmes Academiques” by the French 
Ambassador, Monsieur Henri Bonnet, on 
behalf of the French government. 

A civilian decoration, this award was 
presented to Dr. Scripture “for services 





rendered to science’, and resulted from 
his participation during the war in a 
scientific congress held in Paris at which 
he gave a paper on cement dispersion. 
Dr. Scripture was at that time a colonel 
in the United States Army Corps of 
Engineers. 





This writer has had continuous identifi- 
cation with the Institute only since 1942, 
but he has been an active factor in the field 


of concrete for many years and for a long 
time was identified with developments in 
“unit construction.” In -a recent letter he 
reports his present active interest to be in 
improving an old country house where he 
spends a good deal of his time. 

As it was practically impossible to get 
a contractor to put in a concrete floor, | 
decided to put it in myself by mixing 
cement with the earth and putting on 
the thin finish of mortar. 

The house is an old farm house with a 
partial basement, which had an earth 
floor. After leveling the floor the earth 
was loosened for a depth of about 11% in. 
and then thoroughly worked with a rake 
into small particles. Cement was then 
spread over the floor in the approximate 
proportions of one part cement to seven 
parts of the pulverized earth. The cement 
and earth were thoroughly mixed with a 
rake and then moistened with sufficient 
water for good compaction. It was then 
again mixed by raking and leveled and 
tamped firm with a wooden tamper. The 
tamper consisted of a piece of 2 x 4, 
with a piece of 1 x 8 about 12 in. long 
nailed to one end. After the floor was 
tamped a mortar finish consisting of one 
part of cement to two parts of sand was 
troweled on to a thickness of about 3¢ in. 

The floor has been in use for about 8 
months and has proven satisfactory; no 
cracks have developed. 

JoHN CONZLEMAN 
705 Olive Street 
St. Louis 1, Mo. 
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Joseph P. Wolff leads building 
officials 

Joseph P. Wolff, Commissioner of the 
Department of Buildings and Safety 
Engineering of the City of Detroit, has 
been elected chairman of the board of 
governors of the Building Officials Foun- 
dation for the year 1948, succeeding 
Andrew J. Eken of New York. Under 
the by-laws of the foundation, the chair- 
man is not eligible for re-election in 
successive years. Mr. Eken remains a 
member of the Board of Governors of 
the Foundation. 

Mr. Wolff has been commissioner of 
the Detroit building department since 
1930. Prior to that time he was engaged 
in building work in Detroit. He is a 
member of the Engineering Society of 
Detroit, an ACI Member since 1946 and 
a director of the Building Officials Con- 
ference of America, Inc. The Building 
Officials Foundation was established in 
1946 to effectuate building code reforms 
in American cities. 


A.S.H.V.E. reports on panel heating 
Members of the American Society of 
Heating and Ventilating Engineers com- 
mittee on heat distribution within and 
behind the panel have initiated specific 
recommendations for the society’s planned 
program of panel heating research. 

L. N. Hunter, committee chairman, 
stated that “the phase of the over-all 
program as recommended by this com- 
mittee is designed to determine experi- 


mentally the heat distribution within and 
behind both concrete and plaster panel 
construction as influenced by the type, 
size and spacing of the conductors, the 
depth of cover, the properties of the 
materials composing the panel, the 
temperature of the heating medium, and 
the type and thickness of covering or 
insulation above and below the panel 
surfaces.” 

It was further stated that a survey of all 
known published data on the effective 
heat output of concrete and plaster panels 
using ferrous and non-ferrous pipes had 
been completed by the Research Labo- 
ratory staff and that the program pre- 
sented for this committee’s examination 
was based upon that study. Results of 
the staff survey showed that under 
identical conditions of pipe size and 
spacing, depth of cover and water temper- 
atures, the stated heat output varied over 
a wide range. It appears obvious, there- 
fore, that resulting confusion for the 
design engineer is not surprising. 


This committee is one of four such 
groups, each of which is being established 
to cover a specific phase of the research 
program. The second group will relate 
its considerations to heat transfer be- 
tween the panel and the space. 

The third group will deal with controls 
and physiological aspects of the problem 
will be considered by yet a fourth element. 

Meetings of the other committees are 
scheduled for the near future. 
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DENVER CONVENTION 
FEBRUARY, 1948 








Visit the Sika Booth 


Check data and tests on Plastiment, and Sika compounds. 


Discuss your problems with our qualified Engineers. See 
our demonstrations on the unique properties of Sika 


Sika-K ote—prolective decorative coating for concrete. 
Sika-Seal— protective paint for concrete or steel—can 
actually be painted on under water. 


SIKA CHEMICAL CORPORATION 
37 Gregory Avenue 


Passaic, N. J. 
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SYNOPSES of recent ACI Papers and Reports 





oo this JOURNAL 
Vel 19 are currently avail- 
Unl om Teh noted sepa- 
a prints are 35 cents each. 
Starred y& items are 50 cents, or more 
as indicated. Please order by title 
|___ and title number. 


*xBUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE (ACI 
PNEN e o 64K cb.cbtcccceneccesceues 44.1 
Price 50 cents. 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 

Supersedes 43-15 

This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used int this manner. 


Among the subjects covered are: quality of concrete 
allowable stresses; mixing, placing, curing and asia 
weather protection of concrete; forms, cleaning, bending, 
placing, splicing and protection of reinforcement, con- 
struction wy general design considerations, flexural 
po mang shear and diagonal tension, bond an 

» Hat slabs, columns and walls, and footings. 
The eye a ity and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
Se OF A THIN CONCRETE 


S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Presented 
herein is the temperature history of a thin Fp ae dam, 

sed on results of more than five years of observation. 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


xe CEMENT-AGGREGATE REAC- 
TION IN CONCRETE .........+-+-+- 


oe, 


AN McCONNELL, RICHARD C. MIELENZ, 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
one on which are susceptible to attack by cement 
alkalies. 


The expansion and cracking of the concrete result from 
osmotic pressures Sucaieped in alkalic silica gels that are 
produced by partial dissolution of siliceous rock and 
mineral substances. Laboratory experiments and calcy- 
lations indicate that these osmotic pressures exceed 550 
psi. 





CRACK CONTROL IN PORTLAND } 
CEMENT PLASTER PANELS........ 44-4 
BERT A. HALL—Oct.1947, pp 129-140(V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and condensation impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
nated, and the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for lowstemperature NaCl and 
CaCls brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. At a certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 
AND OTHER FACTORS ON 

SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
thatthere is in general an optimum gypsum content for each 
cement for minimum loss in weight, a diferent optimum for 
minimum shortening and still a different optimum for mini- i 
mum warping. The data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was still higher. Forthe other cements there was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


(Continued on p. 20) 
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The 
Reinforcing Bar 
that is Making 
Our Building Codes 


Feel the grip of the Hi-Bond reinforcing bar. These deep, 
reversed double helical ribs mean greater mechanical grip . . . higher 
bonding strength. And this simple bar is already beginning to cause : 
< _ 


the revision 6f our current building codes! 


a PS 
Present building codes say that hooks must be used to anchor rein- of 
forcing bars. But, engineering tests have proved that with Hi-Bond’s 
See 


~ 


bonding strength, such hooks are unnecessary. The straight bar, itself, is 
firmly anchored. 

Furthermore, with ordinary bars, the low bonding strength of the bar has 
always been the weak link in the structure—the bar would slip before the steel 
or concrete could be fully loaded. With its great bonding strength, Hi-Bond bars 
make it possible not only to use more of the potential strength of the steel, but 
also to take advantage of the higher compressive strength of present-day concrete. 

By making possible more economical and more efficient structures using less steel 
and less concrete—Hi-Bond is bringing about radical revisions in our present build- 
ing codes—to the benefit of both builder and general public. 

Unfortunately, the present demand for Hi-Bond greatly exceeds the supply. To 
make larger tonnages available to you, we have licensed other steel companies to make 
this superior bar. INLAND STEEL CO., 38 S. Dearborn St., Chicago. Offices: Daven- 
port, Detroit, Indianapolis, Kansas City, Milwaukee, New York, St. Louis, and St. Paul 


Write for Booklet 


INLAND HiI-BOND 








¥ 
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PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE............. 44-7 


R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189-192 (V. 44) 


Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached toa 
reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


%& CHEMICAL TEST FOR REACTIVITY 

OF CONCRETE AGGREGATES 

WITH CEMENT ALKALIES, CHEMI- 

CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 


Price 60 cents. 


RICHARD C, MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-294 (V. 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
develo chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 

roxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


jays. 

The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate gee developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates of different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E, GOLDBERG—Nov. 1947, pp. 295-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Method 
may be pte applied for panei point loads; other load- 
ings are resolved to equivalent panel point loads. _Illus- 
trated solutions are develo for a six-story bent and an 
unsymmetrically loaded Vierendeel truss. 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS... .44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 


This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. 2, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables included three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic fow deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic flow prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
se large increases in deflections and strains that were 
obtained over a five-year period. 





February 1948 


%*PRECASTING CONCRETE PIPE FOR 

THE SAN DIEGO AQUEDUCT.....44.11 
Price 60 cents. 

D. K. WOODIN—Nov. 1947, pp. 261-288 (Vol. 44) 
Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Steel cylinder 
and cage type of reinforcement and a combination of the 
two are describ Cement composition and properties 
and mix proportions are tabulated; vibration methods 
handling and storage difficulties, preparation of forms and 
reinforcement, placing of concrete and curing conditions 
are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR. 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, 44 in. in diameter, of three kinds, one plain 
and two deformed, were emb in Haydite aggre- 
gate concrete. The load and slip at the pul!-out ends 
were observed for bent and straight anchorages of each 
kind of bar. For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages. Differences 
in the lug height and lug-bearing area of the two deformed 
bars affected the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 

PRACTICE FOR WINTER CON- 

CRETING METHODS................44-13 
REPORT of COMMITTEE 604—Dec. 1947, pp. 309-328 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why” of some of the recommended practices. Charts 
in the appendix indicate effect of curing temperature on 
concrete strength, and a list of 135 selected references 
to periodical literature on winter concreting methods is 
included. 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan. 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appeared 
as an editorial in Engineering-News Record, February 1, 
1923, a few days after the Institute's 19th annual con- 
vention in Cincinnati nearly a quarter century ago. Com- 
ing to light recently in an ACI office scrapbook, it inspired 
a re-appraisal of progress for ACI's 44th annual convention 
February 23-26, 1948. Through the courtesy of Engineer- 
ing-News Record it is republished as the point of de- 
parture for a full session at the 1948 convention in Denver. 


ECONOMY IN STRUCTURA 
RR a es beth ase tune 44-15 
1. E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 

High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for cutting cost, since expensive 


(Continued on p. 28) 
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New, Automatic, Plain Pallet 
Block Machine, Making 12-18 
Eight-Inch Block Per Minute 


| Once started, this giant of the concrete products industry keeps 
on turning them out, unaided by human hands. Making perfect 
blocks of any size, in any design, and of any aggregate known. 


Vibration of both mold box and pressure head (patented) causes 
thorough compacting in record time. Finger tip quality control 
permits quick adjustment to best accommodate the mixture used. 


Operator removes two pallets from machine to rack with a power 
off-bearer, which then magnetically picks up two empty pallets 
for the return trip. Pallet conveyor takes pallets to rear of 
machine, automatically cleaning and oiling them en route. 


Well engineered, this machine is simply and durably built to 
keep maintenance at a minimum. Before announcing this 
machine, we “took out the bugs,” during a year’s experience 
with over thirty machines in the field. 





STEARNS MANUFACTURING COMPANY, Adrian, Mich. 
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beam forms may be eliminated, story heights are decreased 
and pipe and conduit installations are simplified. Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 12-story 500-bed hospital. Five different 
designs (all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
le with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 


VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. .44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V. 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple method is described for detecting the 
presence in cinders of the impurities causing stains and 


some classes of pop-outs, and at least two practicable . 


* 





are pr ted for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA...44-17 
JOHN S. COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for concrete materials in China. Data are pre- 
sented on type, quality and availability of cement, rein- 
forcing steel aa forms. Aggregate sources, handling 
methods and gradation are discussed. Data on concrete 
strengths, mixing and placing, labor problems and costs 
are given.. Concreting, mortar, masonry work and design 
of the Lung Chi Ho hydro development are described. 
Design and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods. 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war. 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed. 
IIlustrations depict many of the almost primitive methods 
which must be employed. 


DESIGN OF RECTANGULAR TIED 
COLUMNS SUBJECT TO BENDING 
WITH STEEL IN ALL FACES.......44-18 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V..44) 


One of the fastest accurate methods of designing rec- 
tangular tied col , subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial | and proportioning the column to 
the requirements of the increased prs load. Present 
tabular data confine this procedure to steel in the end 
faces only. A method is proposed in this paper which 
permits a rapid design for steel in all faces for any rec- 
tangular section. 


PREVENTION OF DAMPNESS IN 
BASEMENTS. .........0+00+200000+ 244-19 
CYRUS C. FISHBURN—Feb, 1948, pp. 421-436 (V. 44) 


The selection of appropriate measures for a dry basement 
depends upon a consideration of the external conditions 
at the site. Basements may be located in well-drained 
or in saturated soil and meteorological conditions may be 
conducive to condensation within them. 
The drainage of surface and sub-surtace water away from 
a basement is important where this is possible. Methods 
of constructing the walls and floors of new basements to 
prevent seepage and condensation are described. 
Simple tests for determining the causes of dampness in 
isting b ts are given and remedial treatments 
against dampness in them are outlined. 
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HIGHLIGHTS OF THE DEVELOP- 
MENT OF REINFORCED CONCRETE 
AND THE STUDY OF BOND.......44-90 
ARTHUR P. CLARK—Feb. 1948, pp. 437-440 (V. 44) 


This paper is introduced by a brief history of the develop- 
ment of concrete and reinforced concrete since portland 
cement was first made about 125 years ago. The French 
are credited with the first use of reinforcement a little 
atter the middle of the 19th century. Widespread use of 
reinforced concrete began in the United States about 
1900. It was first designed by a few specialists, especially 
in Europe, in accordance with special reinforcement 
“systems. 

As the art of using reinforced concrete developed, the 
sufficiency of the resistance of the plain bar to slippage 
was questioned and attempts were made to deform bars. 
Laboratory tests of bond were made as early as 1894 but 
were never extensive. Starting about 1943 the A. 1. S. |. 
organiz 
with the object of increasing our knowledge on the 
effective and economical use of reinforcement. 


LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 1—HISTORY AND SCOPE 44-91 


F.R. McMILLAN and |. L. TYLER—Feb. 1948, pp. 441- 
456 (V. 44) 


A comprehensive investigation of portland cement in 
concrete is introduced by this brief paper outlining: (1) 
history of the study—advisory committee membership, 
development of the program, financing and scope of the 
investigation; (2) selection of cements; (3) tests of cements; 
(4) construction projects—test roads, exposure to sea 
water and sulfate soils, concrete in thin sections, ex- 
perimental farms and inspection of field projects, in 
which the behavior of cements will be studied over a 
eriod of years. 

The paper is the first of a series of as yet an undertermined 
number reporting the results of the long time study. 


* ANALYSIS OF NORMAL STRESSES 
IN REINFORCED CONCRETE 

SECTIONS UNDER SYMMETRICAL 
SS 
MICHEL BAKHOUM—Feb. 1948, pp. 457-484 (V.44) 
Price 60 cents. 


This paper gives an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric 
forces, without the usual procedure of dividing the section 
into small strips. A simple solution is also given for the 
case of simple bending. Both solutions are further simpli- 
fied by the use of curves and tables, which apply to all 
arrangements of reinforcement and can be used for almost 
all practical cases. 

A procedure has been devised to apply the same methods 
to the case in which concrete in tension is taken into 
consideration even though the modulus of elasticity in 
tension differs trom that in compression. Some examples 
are given for both cases. 


CREEP OF STEEL AND CONCRETE 

IN RELATION TO PRESTRESSED 
CONCRETE... ..ccccccccccccccccc cc ehheR3 
GUSTAVE MAGNEL—Feb, 1948, pp. 485-500 (V..44) 


The author outlines methods and results of creep tests 
performed on three different samples of steel wire under 
constant load and constant length conditions. Preparation 
of concrete specimens prestressed by use of these same 
wires is described. Load tests on these specimens and 
non-prestressed concrete are compared and the differences 
in deformation are attributed to the combined creep of 
steel and concrete. Results of creep tests on steel alone 
are applied in order to ascertain creep of concrete alone. 
Concrete shrinkage, steel strains and steel and concrete 
creep are considered in recommending an anticipated 
percentage loss of prestress for design purposes. 


a committee of reinforced concrete research : 
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MORE DURABLE, 
5MO OTHER 


CONCRETE... | wg 





..WITH HYDRON ABSORPTIVE FORM LININGS 


U.S. Hydron Form Lining eliminates 
air voids, water channels and sand 
streaks from concrete surfaces. Re- 
sult: concrete is several times more 
resistant to weather and abrasion... 
smoother and more pleasing in ap- 
pearance. 


Only 0.08 inches thick, these light 
flexible sheets are mounted to the 
forms with rapid-fire staple guns. 
Hydron strips cleanly, easily. 

The case-hardening effect of Hy- 
dron is at least one inch deep, and 


there is a gradual change in the 
water-to-cement ratio from the sur- 
face into the bulk concrete. 

Years of testing and analysis pre- 
ceded Hydron’s remarkable success 
on a wide range of jobs, including the 
Norfork Dam, the new MacArthur 
Locks on the ‘“‘Soo’’ Canal, and the 
Susquehanna Flood Wall at Bing- 
hamton, N. Y. 


Serving Through Science 


Send for your copy of informative booklet on HYDRON 


UNITED STATES RUBBER COMPANY 


Mechanical Goods Division « Rockefeller Center « New York 20, N. Y. « In Canada: Domini y, Lid. 
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Fl 
SEALTEX 
; CONCRETE 


COMPOUNDS 





i ‘ Sealtex compounds are designed to provide a 
if quick and economical means of effectively : 
sealing the surface of concrete after the 
finishing operation. 
Sealtex gives the protection so vitally needed 
: during the early high moisture-loss period 
following placing of concrete. 
Sealtex compounds are the result of exten- 
H sive research development and years of manu- 
| facture to meet the exacting specification 
requirements of leading governmental agen- 
cies, engineers and architects. 





DISTRIBUTED IN PRINCIPAL | 
CITIES THROUGHOUT THE WEST 


H CLEAR +¢ WHITE-PIGMENTED + BLACK 


THE TECHKOTE COMPANY 
i 821 WEST MANCHESTER AVENUE 


INGLEWOOD + CALIFORNIA : 
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KELLEY COMPACTOR POWER FLOAT 


DELIVERS DURABLE, WEARING 


FLOORS — DRIVEWAYS — PAVEMENTS — ROADS 


CREATES A SAVING IN LABOR AND CEMENT COSTS 





The Kelley Compactor Power Float at work on low water-cement ratio mix 
thirty minutes after placing. The weight of the machine, plus the action of the 
compactor hammers and the rotating of the disc, compacts and floats out the 
mix to a smooth, level surface, bringing just enough mortar to the surface for 
steel troweling. 


The compactor hammer blows on the rotating disc as it floats, compacts and 

densifies the mix (drive the material in at the bond line where topping is 

applied to base) and deliver a dense, wear-resisting foor—A dustless loor— 
floor on which the maintenance is reduced to the minimum. 


ELECTRIC AND GASOLINE MODELS 


Refer report Committee 804, “Concrete Wearing Surfaces for Floors,"’ Sept. 
1938 ACI Journal. 


Booklet “Concrete Facts about Concrete Floor Finishes” sent on request. 


KELLEY ELECTRIC MACHINE COMPANY 
287 HINMAN AVE. (Zone 17) BUFFALO, N. Y. 
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A.S.T.M. Methods for Testing Soil-Cement ' 
| Cement Steamer A.S.T.M. C-17 Flow Table for Concrete Mixtures 
{ ‘Standard Methods of sampling A.S.T.M. C 124, C 87, C 91, For use with A.S.T.M. D-558 Test for Moisture : 
| and testing Portland Cement,’’ consistency of concrete meas Density Relations of Soil-Cement Mixtures 
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i Cement Compression Cube Molds A.S.T.M. C-109 Tension-Briquet Cement Molds A.S.T.M. C-77 
4 For testing Compressive strength of Portland Cement Forged from solid Manganese Bronze, these molds adhere 
be Mortars, these molds are governed by stringent A.S.T.M precisely to all dimensional tolerances as specified by 
i specifications A.S.T.M 
, 
i" Gillmore Needles A.S.T.M. 
\ \.S.T.M. Standard Methods of Bouyoucos Hydrometers and Jars 
‘5 Sampling and Testing Port A.S.T.M. D-422 
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FOR TESTING CEMENT AND SOILS ACCORD- 
ING TO THE LATEST APPROVED STANDARDS 
OF A.S.T.M. AND A.A.S.H.O. 





Soil Dispersion Mixer for Bouyoucos 
Method A.S.T.M. D-422 and 
A.A.S.H.0. T 88 


£4 


The Bouyoucos hydrometer method of 
mechanical analysis of sub-grade soils 
not only requires a minimum of time 
ind effort, but it furnishes data for a 





complete particle-size accumulation 


curve. Results check those obtained by Constant Temperature Bath for Bouyoucos Method 

» pipette “thod of the U.S. Bures ‘ . ° . 
the aa mein J ' _ — Built specifically for maintaining the soil suspension 
of Chemistry and Soils at a constant temperature of 67° F., as required in the 
quantitative determination of the distribution of par- 


ticle sizes and soils to A.S.T.M. D-422 
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Liquid—Limit Machine A.S.T.M. D-423 


Proctor Soil Plasticity Apparatus 
The liquid limit may be defined as the 
smallest water content at which a soil ex The censity to which poorly graded or fine grained soils used for 
hibits liquid properties as distinguished construction jobs should be compacted is revealed by Proctor tests 


from those of a plastic material For each density, each soil has a particular stability 





Cement Compression Cylinder Molds A.S.T.M. C 31 and C 39 


Constructed in three sizes for mixtures containing no coarse aggregate, for mixtures 
where aggregate does not exceed 2” in diameter and for mixtures where aggregate is 


larger than 2” in diameter. All molds are constructed to precise A.S.T.M. specifications 


Permeability of Compacted Soils 


This device is used to determine the 
permeability to water of soil specimens 
compacted by the Proctor Plasticity 
Method 





Vicat Apparatus 


A.S.T.M. C-77 
met this apparatus Precision Scientific Co mpany 


3737 WEST CORTLAND ET recor poe CHICAGO 47 


mal consistency and set 
ting time of cement 
hydrated lime and gyp e + Scientific Research and Production Cantrod f qeeponent 
sum plaster 
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PALLETS 


Atlast! GIBRALTAR DUPLEX — 

The heat treated Aluminum Alloy 

Pallet that blocks plants waited for. 

* Interchangeable with pressed steel and cast iron 
pallets. 


* Accurately constructed of the strongest Aluminum- 
Magnesium-Copper Alloy by the Gravity Die 
Casting Method. 


* GIBRALTAR DUPLEX means two pallets in one— 
Either the popular Mortar Groove block or plain 
blocks may be made on the same pallet. 


* PROMPT deliveries are made on pallets in over 200 
shapes and sizes. 











* Deposit not required with orders of rated concerns; 
just mail simple drawing or sketch of pallet needed 
and order will be shipped within 1 to 10 days. 5% 
Discount allowed for cash with order. 


* CORES—Oval or rectangular Alumi cores for 
modernizing old machines are available for im- 
mediate delivery at $45.00. 

* WRITE TODAY for our 1948 Catalog and price list 


of Pallets, Machinery, Tools and Building Special- 
ties. 





‘ —_ |e | 
ee | Pm G_—CsSFLORIDA DIE CASTING FOUNDRY 
‘a ay 5, P. 0. Box 1589, ORLANDO, FLA. Phone 2-1838 

















Model Showing One 
Unit of 340 Ft. Clear 
Span Hangar Now 
Under Construction. 








Complete Design Service and Construction Advice, Research, Structures of 
Non-Conventional Type, Special Problems, Shell Structures for Varied Purposes. 


ROBERTS and SCHAEFER COMPANY 


ENGINEERS — CONSULTANTS 
307 NORTH MICHIGAN AVENUE CHICAGO 1, ILLINOIS 
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‘THIS SLAB TELLS YOU WHY the Jaeger 
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Diagonal Screed Finisher makes 
all others obsolete | 


A. High side of 12’ pavement slab pitched 2” for drainage. 
B 


. Usual roll of material ahead of transverse front screed 
en the first pass of the finisher. 


C. Diagonal roll ahead of diagonal rear screed. 
Note that angle of screed steadily carries material uphill 
on pitched or super-elevated slab. 


D. Note that diagonal screed places material solidly against 
the upper form — Saves one to two men ordinarily needed 
for carry-back. 


E. Note that high or low spot left behind front screed will be 
met at a different point by diagonal rear screed. Final 
surface is necessarily more accurate than is possible with 
any transverse finisher. 


F. Note that diagonal rear screed works material left by the 
front screed at a different angle — Finishes harsh mixes 


faster without tearing, saves extra passes, speeds pro- 
duction. 


For full information on the Jaeger Type ‘‘X’’ Diagonal 
Screed Finisher, ask for Specification FX-8. 


THE JAEGER MACHINE COMPANY, Columbus 16, Ohio 


15°24 Widener Bldg. 226 N. La Salle St. 235 American Life Bldg. 
Philadelphia 7, Pa. Chicago 1, Ill. Birmingham 1, Ala. 


AIR COMPRESSORS ° PUMPS ° MIXERS ° TRUCK MIXERS 
HOISTS ° CONCRETE SPREADERS ° BITUMINOUS PAYERS 
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SEE IT AT THE DENVER CONVENTION 
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Tew Design BALDWIN 300,000-Ib. 
CAPACITY COMPRESSION TESTING MACHINE 


This big brother of the Baldwin 90,000-Ib. capacity concrete 
compression testing machine provides for testing concrete 
cylinders up to 8’’ x 16’’, and also is equipped for testing concrete 
building blocks up to 12’’ wide x 18” long. 

Single ram construction, increased ram stroke and fast opera- 
tion are some of the features which make this machine ideal for 
alternately testing these two classes of products. 

If you are interested—but cannot attend the Convention— 
write us for further details. 


THE BALDWIN LOCOMOTIVE WORKS 
PHILADELPHIA 42, PA., U. S. A. 
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MODULAR SIZES 
MAKE EVERYTHING 


FIT 


CLUTTER ano CONFUSION 
SIMPLICITY ano ORDER 


i 2e} 0) 51 Gry. Metele)-ieli, F-wale), | 


Complete Equipment for Concrete Products Plants 
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JACKSON VIBRATORS 


For each and every purpose to which Vibrators are applicable in the concrete industry, . 
we are confident we can supply the equipment that will give you not only the best and 
fastest placement, but also the maximum of dependability and trouble-free service. Pioneers 
and outstanding developers of vibratory equipment, our complete line includes internal 
and external vibrators for: General Construction * Light Construction * Mass Concrete 
Dam Construction * Hard-to-get-at Places * Form Vibrating * Floors, Streets and High- 
ways * Pipe Manufacturing * Movement of Materials—Vibratory Tables—-Thorough soil 
compaction of bridge approaches, similar fills and concrete floor sub-bases, etc. Drop us 
a line for complete information. 





JACKSON HEAVY-DUTY 
VIBRATORY PAVING TUBE 


For speedy full width highway and airport concrete 
paving. Up to 25 feet widths. Submergible dual 
tubes energized by powerful vibratory motors 
quickly transform harsh mixes to plastic state. 
Assures complete compaction - easy finishing. 
Cement savings up to 10% through reduction in 
W/C ratio. Attaches to any modern finisher, 
or rear of spreader for, vibrating first course of 
extra thick slab construction. Variable frequency 
3000-5000 V.P.M. MHydraulic lift. Grouped 
controls. 


HS-A1 HYDRAULIC CONCRETE 
VIBRATOR 


This is a general purpose machine of the internal 
type adapted to a wide range of applications. 
Operated by light oil pumped through hose line 
34 feet long to hydraulic motor in vibrator head. 
Valve on power plant adjusts frequency desired, 
from idling to top speed of 7200 V.P.M. All 
moving parts in the hydraulic medium (oil). 
Vibrator head 234” diameter, standard, ‘gas engine, 
air cooled 4.7 H.P. A general favorite because of 
its wide range of application and low maintenance. 





JACKSON PORTABLE POWER 
PLANTS 


A new high in dependable portable power isnow 
available in Jackson postwar Power Plants having 
permanent magnet generators in which all usual 
maintenance is eliminated except lubrication. 
Especially designed for severest service under 
continuous operating conditions. Simple, rugged 
construction and design, stripped of fussy control 
gadgets. Run all Jackson Vibrators, for lights, 
and all types of contractor’s power tools. One to 
7.5 KVA sizes available. 


ELECTRIC TAMPER & EQUIPMENT CO., 
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FS-7A ELECTRIC-DRIVEN, FLEXIBLE 
SHAFT CONCRETE VIBRATOR 


A truly general construction vibrator whith be- 
cause of its exceptionally powerful but lightweight 
motor, will operate any of our standard vibrator 
heads (234” x 1854”; 142” x 167%"; 143” x 1034”) 
with shaft lengths of 24”, 36”, 7’, 14’. Universal 
motor, operates on 115 Volt A.C. or D.C. and 
will deliver 7000 to 10,000 V.P.M. depending on 
the consistency of concrete, head and length of 
shaft employed. Does the work of many large 
vibrators. 


JACKSON Vibratory Soil Compactor 


This remarkable new machine will give you up to 
95% of maximum density (in granular soils) IN 
A SINGLE PASS—and do it in one-fifth the time 
the job may be attempted with other equipment. 
It is the ideal medium for “‘presettling’’ or firmly 
compacting bridge approaches, similar fills, and 
sub-bases for concrete floors which are to carry 
heavy machinery. Weighs only 150 lbs. Easily 
portable. Propels itself, under normal conditions. 
Firmly compacts 15 to 18 sq. ft. per minute (gra- 
nular soil) to a depth of 12”. Time-tested vibratory 
motor—3-phase, 110 volt, 60 cycle A.C. Equally 
effective, with change of base, on coarse gravel, 
rock and for smoothing and compacting blacktop. 
4 of these machines may be operated simultaneously 
by one Jackson (2.5 KVA) power plant. 


JACKSON Municipal Paving Unit 


Consists of an electric vibratory screed operated 
by a Jackson Power Plant of 1.25 KVA capacity. 
Screed is the only hand screed that will undercut 
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at side forms, roll back for 
second passes, strike off 
crowns, both regular and in- 
verted, permit operators to 
work from front, rear or sides. 
Has such a strong tendency to 
propel itself in the forward 
direction that only small effort 
is necessary to strike off stiff 
mixes. Manholes and storm 
sewers are no handicap due to 
the fact that screed does not 
reciprocate. Does an ex- 
cellent job of vibrating con- 
crete to depth of 10 inches on 
any slab from 6 feet on up to 
any practicable width. Rad- 
ically reduces cost and greatly 
increases production. 


MICHIGAN 


i ais 


tintin iti il 


ee. ad 


— 


— 





a a 


| ie adie 


ete ae 


wee 


ere 


al 


* 
. 


42 


JOURNAL OF THE AMERICAN GONCRETE INSTITUTE 


How TW0 1-UPs BECAME A FLEET... 


Any time you want the real low- 
down on truck mixer performance, go 
to a fleet-owner! Such as Mr. Adam 
Hitz of the Hitz Construction Co., 
prominent in the present big expan- 
sion program around Billings, Mon- 
tana, who writes: 

“We are building business on 
service and quality of materials. 
Blue Brute Hi-Up Truck Mixers 
are a large factor in this service.” 

Like many another ready-mix pro- 
ducer, the Hitz Co. chose Blue Brute 
Hi-Ups for advanced features such 
as: Engineered flexibility, eliminating 
operating strains ... Ransome’s ex- 
clusive mixing action . . . quick- 
charging hopper with non-jamming 
sealing door... simplified, trouble- 
free water system... plus simple, 
clean design that provides maximum 
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accessibility to working parts and 
facilitates routine servicing. 

And here’s action that speaks 
louder than words. The Hitz Co., 
starting in 1946 with two Hi-Ups 
(serviced by a Ransome 56-S Big 
Mixer) now operates a fleet of nine 
Blue Brutes — conclusive, proof of the 
Hi-Up’s exceptional dependability 
and economy ... To learn more about 
the many desirable features of these 
Blue Brute Hi-Ups, contact your 
nearby Worthington-Ransome Dis- 
tributor, or write for Bulletin 221. 


WORTHINGTON 
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Worthington Pump and Machinery 

Corporation, Worthington-Ransome 

Construction Equipment Division, 
Holyoke, Mass 


Distributors in all principal cities 
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TRUCTION JOB, 17'S A BLUE BRUTE JOB | 
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CONCRETE | 


Dams... bridges... skyscrapers... 
the huge concrete structures of to- 
day are a far cry from the first crude 
reinforced concrete experiments of 
around the turn of the century. Since 
that time concrete has come of age 
... and concrete mixing and placing 
equipment has kept pace, progress- 
ing from simple hand mixing 
through the evolution ofthe concrete 
mixer, the paver and the truck mixer. 


In this march of progress, 
Chain Belt Company has pioneered 
many developments that materially 
contributed to the improvement of 
concrete quality and operating 
techniques. For example, Rex pio- 
neered the fast, accurate water con- 
trol and also the high speed cycle in 
paver operation. The uphill mixing 
action as used in present high dis- 
charge truck mixers was Rex pio- 
neered. The high discharge prin- 
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ciple in truck mixers was originated 
by Rex through their early “jack- 
ass” hoist design. Now, the Rex 
Pumpcrete brings to concrete engi- 
neering a lower cost method of plac- 
ing concrete of improved quality. 
Pumpcrete provides an important 
advantage where quality is para- 
mount in ‘concrete construction . . 
segregation of the mix is com- 
pletely eliminated by agitation and 
then pumping directly intothe forms. 
In its laboratories, Chain ‘Belt 
Company is constantly developing 
new methods... new equipment to 
keep pace with the concrete con- 
struction industry. And through co- 
operation with concrete technol- 
ogists, engineers, universities and 
contractors, Cnain Belt is always 
ready to help the industry achieve 
its goal of maximum quality at 
minimum cost and effort. 


Ys. ot 





CHAIN BELT COMPANY 
1713 West Bruce Street 
MILWAUKEE 4, WISCONSIN 





CONSTRUCTION MACHINERY 
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PICK YOUR VIBRATOR 


for the job 
to be done 





Save on first cost...save on main- 
tenance... and reduce your con- 
crete costs... by selecting the 
right type and size from the CP 
line of seven different pneumatic 
and electric models. 


FOR REINFORCED CONCRETE 


CP MODEL 219 (PNEUMATIC) CP MODEL 325 (PNEUMATIC) 
For concretes 3” slump and For concretes under 3” slump; 
over; for walls and columns for walls and columns over 
under 15” thick, 15” thick. 


FOR MASS CONCRETE — One-Man Type 
CP MODEL 417 (PNEUMATIC); CP MODEL 419 (ELECTRIC) 


For batches up to two cubic _ shell and roller gate type dams, 
yards; for placing concrete iin medium bridge piers, etc. 


FOR MASS CONCRETE — Two-Man Type 


CP MODEL 518 (PNEUMATIC); CP MODEL 519 (ELECTRIC) 
For batches of two cubic yards and compacting heavy, harsh, 
or more; for knocking down  concretes in open forms. 


FOR HIGHWAY PAVEMENT 


CP MODEL 218 (ELECTRIC) — transverse and _ longitudinal 
For placing concrete around joints of highway pavements. 


Write for complete information 


Cuicaco Pneumatic 
TOOL COMPANY 


General Offices: 8 East 44th Street, New York 17, N. Y. 


PNEUMATIC TOOLS « AIR COMPRESSORS e¢ ELECTRIC TOOLS ¢« DIESEL ENGINES 
ROCK DRILLS * HYDRAULIC TOOLS © VACUUM PUMPS ¢ AVIATION ACCESSORIES 


_ 








For 


505 Delaware Avenue 
Buffalo, New York 


2440 Pennway 
Kansas City, Missouri 


46 Bloor St. W. 
Toronto, Ontario, Canada 
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The Original Lightweight Aggregate 


Concrete That Is 


Light in weight 

Adequate Compressive Strength 

Highly resistant to freezing and thawing 
Durable—Chemically inert 

Low Thermal Conductivity 

Unusual Acoustical Properties 


Fire Resistant—Suitable for Temperatures of 1800 F. 
and over, when used with Lumnite Cement 


For complete details write your nearest producer listed below 


JOHN H. BLACK COMPANY HYDRAULIC-PRESS BRICK COMPANY 


Central National Bank Building 
St. Louis, Missouri 


THE CARTER-WATERS CORPORATION HYDRAULIC-PRESS BRICK COMPANY 


South Park, Ohio 


THE McNEAR COMPANY 
San Rafael, California 


WESTERN BRICK COMPANY 
Danville, Illinois 


THE COOKSVILLE COMPANY LTD. 








_ 
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i ““OUTSTANDING 
- | ROAD BUILDING UNITS” 


‘“FLEX-PLANE’ Joint Installing Machines for installing 
joints automatically or semi-automatically—we provide 





electric vibration so the concrete around the joint is 
thoroughly compacted to prevent cavities, and scaling. 


‘“FLEX-PLANE’ Spraying Machines—for curing con- 
crete—an entirely automatic machine—each square yard 
of surface is double sprayed with proper amount of 
material. 


4p ‘“FLEX-PLANE’ Traffic Line Marking Machines—for 
} iz | marking traffic lanes by use of pigment in plastic concrete. 


‘“FLEX-PLANE’ Dowel and Tie Bar Installing Machines 


—for installing dowels and tie bars in perfect alignment 


‘“FLEX-PLANE’ Finishing Machines—for finishing a 


: 
) | by vibration. No harness required. 
complete surface in one pass with a compound screed— 


3115 lineal feet of 9” concrete 24 feet wide in one 11 
| hour day—a world record! 


And Now Our Semi-Automatic Dowel and 
Tie-Bar Installer 


FLEXIBLE ROAD JOINT MACHINE CO. | | 


WARREN, OHIO, U. S. A. 
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IT EATS ITS WAY IN... 
IT EATS ITS WAY OUT 


It’s all very simple and easy, and doesn’t require the service of an expert. Sit- 
ting on the “sun deck” of a river barge, this operator (an ordinary laborer) is 
unloading a cargo of Portland cement with a Fuller-Kinyon Remote-Control 
Unloader. With a control switch in his hand, he guides the movements of the 
machine, pushing its nose right into the cement. It just eats its way around... 
foward, backward, right or left ... at the slightest movement of the hand-control 
switch, anywhere the operator wants to pick up cement. Even though practically 
buried in the cement, it will eat its way out, because automatic-control devices 
regulate the feed and prevent the machine from being overloaded and clogged. 


Remote control has many advantages—absolute safety to the operator, 
as he need not enter the car or barge, thus keeping him away from dangerous 
slides of material and out of the dust. 


Bulletin FE-20 illustrates and describes Fuller equipment for handling 
bulk Portland cement. We will gladly send you a copy. 


P-96 





FULLER COMPANY. CATASAUQUA, PA. 


Chicago 3 - 120 So. LaSalle St. 
San Francisco 4 - 420 Chancery Bidg. 
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ONE MAN 


does the work of 
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REG.U.S. PAT. 


Concrete 


When equipped with a Mall Gasoline Engine Vibrator, one man can place more 
concrete than five hand puddlers. At the same time, the concrete placed is 
denser because a stiffer mix is used . . . is free of voids and honeycombs. . . and 
has a better,bond with reinforcements and between successive layers. 





The Mall 114 H.P. or 3 H.P. Gasoline Engine Vibrator also operates tools for 
Grinding, Sanding, Wire Brushing, Pumping, Drilling, Sanding and Sawing— 
thereby keeping unit busy all day long. 3 H.P. Model is available with carrying 
handle or wheelbarrow mounting . . . has countershaft speeds to 7000 r.p.m. 


MALL PNEUMATIC VIBRATOR 


(7500 r.p.m.) For placing concrete where 
gasoline engine or electric units are diffi- 
cult to use—excellent for use in tunnels, 
caissons, etc. Twist handle throttle 
simplifies operation. All parts are renew- 
able in field—no special tools are re- 
quired. 





AIR HOSE 






THROTTLE 


EXHAUST 
be 
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CONCRETE VIBRATOR AIR MOTOR 








MALL UNIVERSAL ELECTRIC VIBRATOR 


1144°H.P. model delivers 9000 r.p.m.—3 H.P. 
model up to 7000 r.p.m. Buth are mounted 
on 360 degree swivel base for easy handling. 











MALL TOOL COMPANY, 7703 South Chicago Avenue, Chicago 19, Illinois 


Offices in 
Principal 
Cities 
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When you call in Ray- 
mond, you are turning your foundation 





contract over to men expertly trained ji 
and thoroughly experienced in every A 
phase of the work. They know their 4 44 
jobs—from preliminary investigation NY 


of subsoil conditions to complete in- 
stallation of a foundation. : 

Since 1897 Raymond concrete piles { 
have been continuously used by the | 
architectural and engineering profes- 
sions. With more than 14,000 contracts 
ranging from a few test piles to 40,000 
piles for one structure...totalling more 
than 50 million lineal feet of piling in | 
worldwide use . .. Raymond has estab- | 
lished a record for outstanding service. | 

For complete satisfaction consult 
Raymond on your next foundation job 
.. . Write, wire, cable or phone for a 
competent Raymond engineer to dis- 
cuss the project with you. 
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4 Current ACI Standards 


i Building Code Requirements for Reinforced Concrete (ACI 318-47) 
64 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
' Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Specifications for Cast Stone (ACI 704-44) 
4 pages: 35 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents 70 ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to AC] Members) 


j Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 35 cents per copy 





Recent Proposed ACI Standards 
Proposed Manual of Standard Practice for Detailing Reinforced Concrete 


Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 


55 pages, $3.00 copy. $1.75 to ACI Members. (Distributed to ACI 
Members he July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 


for Their Application to Concrete Surfaces 
Reported by Committee 616 as information and for discussion only. 20 pages, 
35 cents per copy (Reprint from ACI JOURNAL, June 1942) 
Proposed Recommended Stresses for Unreinforced Concrete 
Reported by Committee 322 as information and for discussion only. 4 pages, 
35 cents per copy. (Reprint from AC! JOURNAL, Nov. 1942) 
i Proposed Recommended Practice for Winter Concreting Methods 


Reported by Committee 604 for information and discussion only. 20 pages, 
35 cents per copy. (Reprint from ACI JOURNAL, Dec. 1947) 











available from ACI at 35 cents each—quantity qutotations on request. Discussion 


To facilitate selective distribution, separate prints of this title (44-24) are isceion | 
[s this paper (copies in triplicate) should reach the Institute not later than July 1, 1948 


Title 44-24 —a part of PROCEEDINGS, AMERICAN CONCRETE INSTITUTE Vol. 44 


JOURNAL 


of the 


AMERICAN CONCRETE INSTITUTE 


(copyrighted) 
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Repairing Concrete Hydraulic Structures* 


By CLAUDE GLIDDONt 


SYNOPSIS 


Seventeen years experience of the Gatineau Power Co. indicate that 
ordinary concrete, reinforced and unreinforced, can be successfully used 
to repair hydraulic structures. Elimination of leakage prior to surface 
repair, good bond between new and old concrete, and shrinkage of new 
concrete during setting to prevent cracking are important. A pro- 
cedure for repair is outlined stressing the importance of experienced 
labor and supervision and briefly describing grouting, selection of 
materials, design strengths of concrete, preparation of surface, vibra- 
tion, forms, curing and joints. 


After seventeen years experience in applying various methods of 
concrete repairs during which there have been tried out different types 
of cement paints, gunite, concrete coverings containing various ad- 
mixtures and ordinary concrete coverings, Gatineau Power Co. now 
uses ordinary concrete almost exclusively in making concrete repairs. 
A covering of good concrete from 1 in. to as much as 30 in. thick and 
with or without reinforcing steel is used depending on the particular 
type of repair to be accomplished. 


IMPORTANT FEATURES OF CONCRETE REPAIR 
The following features are considered to be of particular importance 
in effecting repairs: 
(1) In the case of water-retaining structures all leakage through the structure 
should be eliminated by grouting or carried away through sub-surface drains 


so that the whole surface to be repaired is perfectly dry before the new concrete 
cover is placed. 


(2) The bonding of the new concrete to the old must be good. 


(3) Shrinkage of the new concrete during setting should be taken care of to 
ensure a good bond to the old concrete and prevent cracking of the new. 


*Received by the Institute Dec. 10, 1947. 
tChief Engineer, Gatineau Power Co., Ottawa, Canada 
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PROCEDURE 


This company realizes that the making of concrete repairs requires 
special care and experience and with this in mind has adopted the 
following procedure: 


(1) In all important repairs only labor experienced in this type of work is used. 


(2) An experienced engineer must be present during all the time concrete is being 
placed. His instructions must be followed implicitly by those making and 
placing the concrete. 


(3) Before proceeding with repairs to water retaining structures such as dams, 
an endeavor is made to eliminate all leakage of water from the upstream to the 
downstream face by grouting. This grouting is most effective when performed 
at a time when the structure is at a temperature just above freezing. At this 
time, the structure has contracted and vertical joints and other voids are rela- 
tively large and will admit a greater amount of grout. The best time for this 
work usually occurs in the spring a few days after ice cover has disappeared from 
the river and all grouting is carried out if possible within a few weeks of this 
time. Checks are made that the structure is above freezing temperature by 
filling drill holes with water and observing whether the water freezes. It is 
usually found in gravity dams that most leakage through the structure occurs in 
the top twenty feet, which means that ordinary pneumatic drills are adequate 
for making the grout holes, which are usually located a few feet from the up- 
stream face of the structure and spaced at about 10 ft along its length. All 
grouting is carried out by a contractor equipped with adequate equipment and 
experienced in proper grouting methods. This contractor supplies the grout 
materials which include portland cement and admixtures which make the grout 
miore fluid, make it expand slightly before setting occurs and increases the time 
required for setting. Sand may or may not be used in the grout depending on 
the size of voids in the structure to be grouted. 

(4) Only materials which are known by test to be suitable are used in making 
concrete. Crushed limestone and sand are used except on surfaces subject to 
abrasion such as spillways in which case screened gravel is used. The latter is 
also preferred where it is available since a smaller percentage of fine aggregate 
is required-resulting in less cement and more durable concrete. 

(5) The mix is designed to suit the particular job and having regard to the 
materials available. Two sizes of crushed stone are usually used in the thicker 
coverings. 

(6) All ingredients are weighed or measured by volume. 


(7) As cement is considered to be the least durable of the elements in concrete, 
a minimum of cement is used consistent with good design. 

(8) Water-cement ratio is used to give between 3,000 and 4,000 psi 28-day strength 
for the thicker coverings and between 4,000 and 5,000 psi for the thinner coverings. 


(9) A mixing time of at least 2 minutes is used. 

(10) Before placing the concrete repair covering, as much as possible of the old 
loose and disintegrated concrete is removed. The surface is then cleaned by 
picking where necessary and by air blasting. The surface is then water-blasted 
(using an ordinary injector scheme connected to the regular air line). After a 
thorough saturation all excess water in depressions is removed. This is followed 
by blasting with a water-cement paste to give a thin coat; after half an hour, or 
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Fig. 1—Placing thin non-rein- 
forced covering at toe of spillway 
dam. This covering is 3 in. to 
6 in. thick; strength, 4,000 to 
5,000 psi at 28 days. Note the 
cement bonding coat on the old 
concrete in the foreground. This 
type of covering is applied where 
the old underlying concrete is 
reasonably strong. After 10 
ears under severe exposure, 
acing in a southerly direction 
including spilling conditions and 
passage of ice in the spring, this 
covering showed no appreciable 
deterioration. 





when this coat has become tacky, another coat of water-cement paste is applied 
and about a half hour to an hour later the concrete covering is applied. (Fig. 1). 


(11) In all but the thin coverings the concrete is vibrated internally and also 
from the outside of the forms in placing. For the thin layers where forms are 
used, external form vibration is employed using an ordinary air-operated chipping 
hammer and where no forms are used, the concrete is thoroughly tamped. 


(12) Wherever possible the final vibrating or tamping is not done until one-half 
to one hour after the mixing is complete. This allows shrinkage (most of which 
occurs during the period of initial set) to take place before the concrete gets into 
its final position. Forms are installed in sections sufficient for a 2-ft lift of 
conerete which is then placed and vibrated. Forms for an additional 2-ft lift are 
then installed and when the concrete is placed and vibrated in this lift the 
concrete in the previous lift is vibrated again. Thus the shrinkage which has 
occurred in the half-hour or so since the first lift was placed is taken care of by 
the second vibration. Where no forms are used sufficient new concrete is placed 
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in small piles so that about half an hour elapses before it is finally tamped into 
position. 

(13) Form clamps are used so that no form wires or other metal appear at. the 
surface of the finished concrete. For finishing horizontal surfaces or other 
surfaces where no forms have been used, the surface is first screeded with a 
wooden screed followed by a minimum of trowelling to fill the voids left by 
the screed. Finally a fairly rough surface finish is obtained by brushing lightly 
in one direction with an ordinary whitewash brush having fairly coarse bristles. 
This gives a uniform and pleasing appearance to the finished surface, leaving 
the surface particles coated with cement and appears to give a more durable sur- 
face than that obtained by trowelling only. 

(14) Test cylinders are made on all important jobs. 

(15) The surface of the new concrete is kept continuously wet for at least 7 days. 
(16) Joints are made in all new concrete opposite all vertical joints in the old 
concrete. For the thicker coverings, horizontal joints are omitted, the covering 
being placed monolithically. For the thinner coverings, joints are made both 
ways every 10 to 15 ft. For making joints a 50-50 tar-pitch mixture is applied 
hot about 1/16 in. thick. This tar-pitch mixture is composed of ordinary gas- 
house coal tar and ordinary coal tar roofing pitch, the pitch being the residue after 
distilling the tar to about 675 F. The melting point of the pitch is about 150 F. 
This mixture does not appear to run excessively under summer temperatures nor 
become too brittle under winter temperatures. When covering the downstream 
face of water-retaining structures subsurface drains are installed in all horizontal 
joints of the old structure which are leaking or likely to leak, to guide the leak- 
age to the vertical joints. At-the vertical joints subsurface drains are installed 
to carry the leakage to the base of the structure. In this way all leakage is 
carried away without appearing on the face of the new covering. 


Fig. 2—Unreinforced concrete covering on 
m. Average thickness about 6 in. Re- 
ired section at right. Concrete cover 

re placed right center. Chipping of old 

surface proceeding left center. 
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(17) The combination of water and alternate freezing and thawing are con- 
sidered to be the greatest causes of deterioration of concrete surfaces and steps 
are taken wherever possible to minimize this action. All horizontal surfaces are 
sloped at least 14 in. per ft for drainage and screeded to eliminate depressions 
where water may lie. Horizontal surfaces rather than being drained towards an 
edge where water may run down over a vertical concrete face are usually sloped 
so that water is drained to pipes where it may be carried off or directed free 
of other concrete surfaces. 

(18) Where pipes, used as railing posts, are embedded in concrete these are filled 
with a 50-50 tar-pitch mixture in the embedded section to prevent the entrance 
of water and consequent damage to due frost action. Where anchor bolts are 
installed: in concrete and space left between the bolt and the concrete for adjust- 
ment, this space is filled with the same tar-pitch mixture, or filled with grout. 


DISCUSSION 


When concrete repairs were first started about seventeen years ago 
they were made on a short section of a gravity type spillway dam and a 
thick (30 in.) heavily reinforced concrete covering was used which was 
dowelled deeply into the old concrete. No provision was made for 
taking care of shrinkage in the new concrete during the setting period. 
These repairs have stood up well but have shown some cracking. As 
further repairs were made each year to additional sections of this dam 
the thickness of the new concrete covering was reduced and shrinkage 


Ps | 





Fig. 3—Tailrace piers under repair. This is a severe exposure for concrete with the water 

evel rising and falling each week throughout the year. Reinforced concrete covering 

is applied approximately 6 in. thick. oe pier at left. Disintegrated concrete 

removed from two piers at middle right. Disintegrated condition of concrete on piers 

at normal water level before repairs is indicated by piers at right. (In this picture the 
water has been lowered while the repairs proceed.) 
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Fig. 4—Bond between new 
covering (dark) and old con- 
crete (light). is sample was 
broken from the covering 
shown in Fig. 1 three years 

placing. When broken 
away the new concrete in- 
variably takes with it a layer - 
of the old concrete to which 
it is bonded. 





during the setting period was taken care of by finally vibrating the 
concrete one-half to one hour after it was mixed. These thinner cover- 
ings have shown less tendency to crack than the thicker ones and are 
durable and cheaper than the thicker ones. For approximately the last 
ten years concrete repair coverings 4 in. to 6 in. thick (Fig. 2 and 3) 
have been used with entirely satisfactory results. These thin repair 
coverings are not reinforced nor dowelled into the old concrete except 
in cases where it is impossible to obtain a reasonably sound surface 
of old concrete on which to place the new. 

Many tests of the bond between the new and the old concrete have 
been made by chipping off pieces from the repaired surfaces. These 
pieces invariably tear off some of the old concrete (Fig. 4) and show 
that the bond between the old and the new concrete is stronger than the 
old concrete. Spilling of water over repaired spillway surfaces during 
flood conditions over a period of years has shown no appreciable wear or 
deterioration of these surfaces. 
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Bond and Anchorage* 
By T. D. MYLREAT 


Member American Concrete Institute 


SYNOPSIS 
Pull-out resistance of embedded bars and bond strength of bars in 
simple beams are compared. <A study of distribution of bond unit 


stress, and of safety against bond failure in beams of uniform depth 
indicates the bond formula is safe in most such beams with bars extend- 
ing full length. When all bars are full length, there is a definite relation 
between bar length and diameter, beyond which bond unit stress need 
not be computed. When steel tension is high, permissible bond unit 
stress is low. 

Bar extensions and hooks are evaluated according to efficiency as 
anchors under high bond stress. Suggestions are made as to length of 
bearing on supports and cut-off points. It is shown that in wedge- 
shaped beams, brackets, tapered footings and the like, bond formulas 
now in use may give deceptively low stresses. 


INTRODUCTION 


The renewed interest in the bond problem is manjfest in the recent 
critical study of ordinary and special anchorage and in the active ex- 
perimental study of bar deformations. The author wishes to present 
the following short résumé of what we know about bond together with 
certain conjectures and suggestions which may help the designer in 
the solution of special problems. It is assumed that the reader is 
reasonably conversant with the extensive literature on the subject, 
and reference to much of it will be omitted. 

As a result of earlier work it has been established that: 

1. In both pull-out specimens and beams, bond stress is not uni- 
formly distributed over the length of a bar. 

2. After slipping begins, the bond stress at any point increases with 
the movement of the bar, very rapidly at first, then more slowly till 





*Recieved by the Institute, February 3, 1947. 
tProfessor of Civil Engineering, University of Delaware, Newark. 
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the maximum bond resistance is reached, following which it gradually 
drops off as slipping progresses. 

3. The computed, or nominal maximum bond resistance in ordinary 
simple beams is less than that in pull-out specimens (see p. 530). 

4. Ina simple beam, the bond value at first end slip of the straight 
bars is the highest that can be maintained. 


More recent work has largely been concerned with the influence of 
such variables as the shape of deformations upon pull-out resistance. 
The pull-out test has thus become much the same sort of arbitrary 
standard for bond resistance as has the cylinder test for beam strength, 
with this difference: The strength of a given concrete in a beam, as 
computed by the straight line relationship, is always greater than the 
cylinder strength, whereas the computed bond resistance in a beam is 
always less than in a pull-out specimen. 


REQUIRED LENGTH OF EMBEDMENT 


Where the bond problem is merely that of determining the length 
of embedment / required to resist withdrawal, and where the permissible 
bond unit stress may be represented by some average value, the required 
length of embedment, 


l= fe Meo lied ery Sli os 


4u 


which is a direct function of the diameter d of the bar. The same length 
of embedment will also be required for square bars, as may readily be 
verified. 

If this formula be rewritten: ° 


it is obvious that the tensile stress that can be developed by bond is 


; . l aes 
directly proportional to r as well to the average bond unit stress. These 
€ 


equations will be referred to frequently. 


DISTRIBUTION OF BOND IN A PULL-OUT SPECIMEN 


The distribution of bond along the embedded length of a bar is 
important in determining permissible bond unit stresses, particularly 
in flexural members. While there is an abundance of data as to the 
behavior of deformed bars on the embedded length as a whole, there is 
but little information concerning the variation in the distribution of 
bond resistance along the bar. Abrams* made a careful study of the 


*Abrams, D. A., Engineering Experiment Station Bulletin, No. 71, University of Illinois. 
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variation in bond stress at a point on plain bars during the progress of 
pull-out tests which furnishes a guide to the behavior of both plain 
and deformed bars not only in pull-out specimens but also in beams. 
The distribution of bond on pull-out specimens will be studied first. 


Plain bars ; 

Ordinates to the curve in Fig. 1* represent bond unit stresses developed 
at given slips at any point along a plain bar. Slip takes place first 
where the bar under stress enters the concrete, and, owing to the elon- 
gation of the bar, progresses from that point to the farther end. The 
curve of Fig. 1, then represents what takes place successively at each 
point along the embedded length of a plain bar during the progress of 
a pull-out test. * 
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From this it follows that in a long block, with the bar subjected to 
an increasing pull, conditions vary somewhat as shown in Fig. 2(a) 
to (h). In Fig. 2(b), (c) and (d) the upper end of the bar is not called 
upon to resist withdrawal. In (e) adhesion is beginning to be developed 
at the upper end, in (f) it has been almost overcome, in (g) the slip has 
progressed until at the upper end of the bar the maximum frictional 
resistance is being developed, and the greatest resistance to with- 
drawal is being exerted, while in (h) slipping has become general. At 
this stage the bond stress is nearly uniform along the full length of the 
bar. Its intensity gradually diminishes as slipping progresses, and, 
although some frictional bond may be developed until complete with- 
drawal, the bar may be kept moving with a constantly decreasing pull. 
Deformed bars 

Since, obviously, bond conditions at a deformation will differ from 
those between deformations, it is impossible to draw a curve of in- 


*Bulletin 71, p. 29 and p. 32. 
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Fig. 2—Variation as bar is subjected to increasing pull 


stantaneous bond stress which will apply to all points on a deformed 
bar. The average bond resistance will rise as slip progresses until the 
deformations begin to crush the concrete, but how far it will rise, or 
at what rate, depends greatly upon the form of the deformations. 

Fig. 3 gives the results of some pull-out tests made by the author 
on deformed bars at present on the market. These curves should not 
be confused with curves of instantaneous stress. It will be noted that 
in pull-out specimens, at least, the average bond resistance along the 
length of bars commercially available may vary from values very little 


Cone. | 
embednent 
folind bars 


Sip-in inches 


Fig. 3—Results of pull-out tests on some commercially available bars 
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greater than for plain bars to values easily twice as great. The general 
similarity of the curves, however, shows why deformed bars are generally 
treated as rough plain bars which may be subjected to a bond unit 
stress somewhat greater than can plain bars. 

It is entirely feasible to design a bar with deformations of such shape 
as will furnish a much higher slip resistance than that portrayed in 
Fig. 3, and for some years past various studies and experiments have 
been made concerning possible improvements. Some new designs are 
already commercially available, but tests on their actual bond resistance 
have so far not progressed much beyond the pull-out stage. 

In flexural members the ACI Building Code [Table 305(a)| permits 
an increase in bond unit stress on deformed bars, but partly because 
of the variety of deformation patterns on the market this increase is 
limited to 25 percent, regardless of the type of deformation. It is to 
be hoped that proper criteria for acceptable deformations may soon be 
established and corresponding allowable bond stresses determined. 

The code does not mention the permissible pull-out unit stress, al- 
though it is usually taken as being the same as that in flexure. 


VALUE OF u IN PULL-OUT PROBLEMS 


Fig. 2 (g) represents the bond distribution corresponding to the 
greatest load that may be applied to a plain pull-out specimen without 
causing excessive end slip. Allowable bond unit stresses in straight 
pull-out problems may, therefore, be based upon the bond distribution 
shown in this figure. 

From a careful consideration of extensive test data, the author finds 
that at this stage the bond unit stress (rounded off to convenient units) 
along a plain bar, beginning at the free end, may be taken as follows: 

The first 10d at 400 psi 
The next 10d at 350 psi 
The next 10d at 300 psi 
The next 10d at 275 psi 
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The next 10d at 250 psi 
The next 10d at 230 psi 
The next 10d at 210 psi 
These values have been plotted in Fig. 4. If a smooth curve, shown 
by the dotted line, be drawn through them, it will be seen to have a 
form like that of Fig. 2 (g). 
From the above values, and by the use of Eq. (2), the tensile unit 
stress which can be developed in a plain bar corresponding to different 
lengths of embedment may be obtained. For example, the average 


bond stress when F equals 12.85 is = noe ons 
. 3) 


and the corresponding tensile unit stress equals 4 X 389 X 12.85 = 
20,000 psi. These unit stresses are shown in Table 1. 


= 389 psi, 


TABLE 1 
‘ Average Tensile unit 
& bond stress developed 
d unit stress, in steel, 
psi psi 
10 400 16,000 
12.85 389 20,000 
20 * 375 30,000 
30 350 42,000 
40 330 53,000 
50 315 63,000 
60 300 72,000 


70 290 $1,000 


*d is the diameter of the bar; / is its embedded length. 


It is understood, of course, that the higher steel stresses can be de- 
veloped with these embedments only if the yield point is not exceeded. 

Since the bond resistance of plain bars is largely a phenomenon of 
friction, and does not increase proportionately to the concrete strength, 
the pull-out bond resistance of plain bars in concretes of cylinder 
strengths varying from 2500 psi to 4000 psi will not differ greatly from 
the values given in Table 1. On the other hand, in 3000-lb concrete, 
deformed bars with good deformation characteristics will develop tensile 
unit stresses twice as great as those in Table 1. The unit bond varies, 
but not directly with the concrete strength. 
Example 1 : 

Suppose that a load of 23,500 Ib is to be suspended by means of a 
l-in. plain bar from a member made of 3000-lb concrete. The tensile 
unit stress is 30,000 psi and, from Table 1, an embedment of 20 in. 
would be required to prevent appreciable slip. If a factor of safety of 
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2 were desired, an embedment of nearly 50 in. would be needed, and the 
allowable average bond stress would be just under 315 + 2 = 157 psi. 
If the average bond unit stress were limited to 120 psi, as in plain 
bars in flexural members of 3000-lb concrete,* the length of embed- 
ment, as determined by Eq. (1), would be 
30,000 
4X 120 
It is obvious that the bond stresses usually allowed in beams provide 
a large margin of safety in straight pull-out designs. 


1 = 62.5 in. 





FUNCTION OF BOND IN BEAMS 


In studying the function of bond in beams, the bond formula, the 
distribution of bond along the reinforcing bars and the allowable in- 
tensity of bond stress in beams, it will be well at first to confine the 
discussion to beams of constant depth reinforced with one or more 
straight, full length bars. 

In order that a reinforced concrete member of constant depth may 
act as a true beam, the distance between the center of compression 
and the center of tension must be constant throughout its whole length. 
The lever arm being constant, the total tension will vary directly as 
the external bending moment from point to point along the beam, and 
the moment curve will be, to scale, a curve of total tension. When it 
is further assumed that the steel resists all the tension at any section, 
any difference in total tension, 7; — 7, as between adjacent sections 
A and B (Fig. 5) takes place in the steel. But if no conerete were to 
touch the bar between sections A and B, T and 7; would be equal. 
Any difference in tension, therefore, must be taken up by the bond 
between the steel and the concrete in the length dx and transferred by 
horizontal shear to the compression side of the beam, where it equalizes 
the difference in compressions C, — C. 

If, for any reason, the available bond were not sufficient to develop 
the difference in computed tensions between any two adjacent sections, 


*See ACI Building Code, Sec. 305a. 
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Fig. 5—Line of compression in simply supported and cantilever beams 
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then between those two sections the bar would slip, and the lesser 
tension would become greater than moment computations would indi- 
cate. Since at any section the resisting moment must be equal to the 
applied moment, it follows that at a section where the tension is higher 
than computed, the lever arm must be shorter, that is, the center of 
compression approaches the center of tension. 

As an extreme example, suppose that in a given beam no bond stress 
could be developed. In this beam the tension in the steel would be 
constant for the whole length of the bar, and it would be necessary to 
provide end anchors strong enough to resist the whole tension. If the 
applied load were to consist of a single concentration, the line of com- 
pression would slope downward to the support as shown in Fig. 5; for 
since the horizontal component of the compression, Cy, being equal to 


Rx 
T, is constant, then y = - 


If there were more than one load the 
compression line would be broken; for a uniform load it would be curved. 
In other words, the simple beam would behave as a two-hinged arch, 
the reinforcement acting merely as a tie to take up the horizontal com- 
ponent of the reactions, and the cantilever would behave as a triangular 
bracket. 

Similarly, if all the tension reinforcement were bent up together in 
a curve of the same shape as the inverted moment curve, both the 
horizontal component of the total tension in the steel and the total 
compression in the concrete would be constant from end to end of the 
beam, and full anchorage would be required. In this case a simple 
beam might be compared to a suspension bridge. At the point of maxi- 
mum moment, of course, it makes no difference in 7 and Cy whether 


eee a M 

the member behaves as a beam or an arch, for in either case 7) = Cy = a 
Je 

In general, beams are so designed that the total tesnion will vary 
along the beam directly as the external moment. If this is impossible, 

then the whole beam must be designed in accordance with the conditions 

actually existing. 


3 


THE BOND FORMULA 


Let Fig. 5 represent the general case of simple and cantilever pris- 
matic beams in which all bars are straight and full length, and in which 
jd is constant. 

Then, following the usual textbook derivation, 
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This expression is known as the bond formula, and values of u found by 
its use or substituted in the formula will hereafter be referred to as 
“nominal values.”’ 

The above equation indicates that when the total tension in the steel 
varies directly with the ordinate to the moment curve, all bars being 
straight and full length, the external shear curve will represent, to scale, 
the distribution of the internal bond unit stress. Since, similarly, in 
plate girder work, the shear curve is used to determine rivet spacing, 
it will be seen that the same function is served by bond in a concrete 
beam and by the shearing resistance of the flange rivets in a plate girder. 


ACTUAL DISTRIBUTION OF BOND IN BEAMS 


The discussion which follows will still be confined to simple beams of 
usual proportions, reinforced with straight, full-length bars. 
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Fig. 6—Probable variations in 

bond during the application of 

an increasing central load to a 
simple beam 











a 





— 


ee eee 
tangent 


a a 


eee 


——_—- 


2 we ae 












pe 
=~ 


= 


a 


— 
en eee 


. 


™~ ee ~~ Y 


Sepietn, atiatl 


Srocntng. 


ene 


m+ 2 = 
Ss 


og res} rm Ope 


ee ee 
pond 





-— 





SS 


a — 
a tee 





Seay LT pre ee aes 


. 
~~. - 


~ 


eS 


~~ 
gt 


‘~ 


ee Tt 





aE aaa ci 


cSt 


—- 


Ne TEE 
ew 






530 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1948 


Before cracking occurs, when the bond is presumably perfect, the 
total steel stress varies directly with the moment, although accounting 
for only a part of the total tension. But a beam carrying loads heavy 
enough to produce design stresses in the steel is cracked at various 
points, and cracks greatly modify the distribution of bond. In the 
light of Fig. 2, Fig. 6 shows the probable variations in bond during the 
application of an increasing central load to a simple beam. 

Crack 1 forms when the computed stress in the practically homo- 
geneous concrete beam reaches the modulus of rupture of the concrete. 
The edges of the concrete slip back on the bar, and high localized bond 
stresses exist for some distance on each side of the crack, as shown at 
A, Fig. 6(a). From point EF, the location of which is problematical, 
to the left support the bond stress is small, as explained above. 

Increasing the load causes a second crack to form, as in Fig. 6(b). 
When Crack 2 forms, its edges in turn draw back, area A of Fig. 6(a) 
is repeated to its left, and changes take place in the distribution of bond 
between Cracks 1 and 2, as shown in Fig. 6(c). Area C, is shown below 
the bar because the concrete on the right and left of Crack 2 tends to 
slide along the bar in opposite directions. The formation of the second 
crack permits the stress in the bar at Crack 2 to approach its com- 
puted value, with an average bond stress between cracks proportional 
to the difference between areas C and D. There are now two points 
of maximum bond between Cracks 1 and 2, whereas but one existed 
before; and due to the shift in the position of the peaks the adhesion 
may be broken the entire distance between cracks. Frictional bond 
resistance, however, can still be developed, which at first may be quite 
sufficient to develop the differences in the computed steel tensions at 
Cracks 1 and 2. 

When the load is further increased, the frictional resistance may no 
longer be sufficient to develop the difference in tension. The tension 
at Crack 2 will then be greater than computed, the other cracks will 
have formed as shown in Fig. 6(d). 

With the application of still more load the bond distribution passes 
to the stages of Fig. 6(e). In fact the whole bar may possibly be slipping 
to the right with reference to Cracks 2 and 3. The tension at the outer 
cracks, Crack 4 for instance, will become greater than shown by moment 
computations. Bond between Cracks 4 and 1, therefore, will be less 
than indicated by the bond formula, and that between Crack 4 and the 
end of the bar will be greater. This is probably the reason that maximum 
nominal bond stress at failure in normal simple beams is less than the 
maximum determined in pull-out tests. 

The whole range of variation in bond described above is not 
necessarily followed completely through in all beams tested to failure, 
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even though failure may result from the breakdown of bond. For 
example, if the span is short, if the modulus of rupture is high, or if the 
bar is large, or is embedded far from the extreme tension fibre, more 
than one crack might never form, the bar slipping along its whole length 
before a second crack can form. This corresponds more nearly to the 
conditions existing in a pull-out test, and will be met with in the design 
of footings. 


ALLOWABLE VALUE OF u IN BEAMS 


From the foregoing it will be seen that at no time in the load history 
of a beam, except before the formation of cracks, does the bond formula 
give a true picture of bond distribution. Yet the elemental relation- 
ship between nominal bond and external shear, and the convenience 
of the bond formula as a guide in design, make it desirable to find a 
satisfactory means of using the formula if possible. The validity of 
the bond formula, using nominal bond stresses, will therefore be 
examined more closely. 

Referring again to Fig. 6(e), if the average bond between the cracks 
be represented by the dotted lines, it will be seen that during the later 
stages of the test of a simple beam, there is a marked similarity between 
the shape of the bond distribution curves for a beam and for the pull- 
out specimen in Fig. 4, even though the distribution curve for the beam 
be interrupted at the cracks. Moreover, since the distribution indicated 
in Fig. 6(e) oceurs when the end slip of the bar is very small, it can be 
used as a basis for the determination of a nominal value of u. 

Plain bars 


There are almost no available data on the performance of deformed 
bars, but from a careful compilation and analysis of data obtained 
from the tests of many beams, reinforced with plain bars, the author 
concludes that in a simple beam, bond stress may be developed along 
such a bar, beginning at the reaction, as follows, rounded off to convenient 
units: 

First 10d at 400 psi 

Next 10d at 300 psi 

Next 10d at 180 psi 

Next 10d at 120 psi 

Remainder at 100 psi 
in which d represents the diameter of the bar. From these values the 
quantities in Table 2 have been computed. 

The bond unit stresses given in Table 2 have been plotted in Fig. 7(a), 
and have been smoothed out in the form of the curve marked a, which 
is, of course, Fig. 6(e) to scale. Comparing Fig 7(a) with Fig. 4*, and 


*This curve has been reproduced for convenience, in line b of Fig. 7(a). 
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TABLE 2 
Maximum tensile 

g° Average unit stress 

bond | — which could 

d unit stress, be developed 
psi in steel, 

psi 

10 400 16,000 
20 350 28,000 
30 203 35,200 
j 40 250 40,000 
i 45 233 42,000 
50 225 45,000 
] 60 200 48,000 
70 IS6 52,000 


*/ is the length of bar under consideration, measured 
from the reaction, d is the diameter of the bar. 


Table 2 with Table 1, it will be noted how, except at points near the 
end of the bar, the available bond stress in a simple beam is less than 
in a pull-out specimen, and how, in a beam, wherever the tensile stress 
in the steel is high, the permissible bond stress is low. 





' The tensile unit stresses of Table 2 are shown graphically in the 
dashed line of Fig. 7(b). The ordinates to this curve are proportional 
to the cumulative area under curve a of Fig. 7(a) and represent the 
distribution of tensile stress along the bar as developed by the available 
bond stress. This curve is almost a parabola, which indicates that in 
anormal simple beam reinforced with full-length bars in which maximum 
bond resistance and yield point tensile unit stress are reached simul- 
taneously, the natural bond distribution along the bars is very close 
to that required by a uniform load.* 


Various parabolas have been drawn in Fig. 7(b) from which it ean 
be seen that in a uniformly loaded beam a tensile unit stress of 40,000 
psi in plain bars cannot be developed by bond in a span l of 
2 X 40 bar diameters, but can easily be developed in a span / of 100d, 
| and can be developed almost exactly by the actual bond when / equals 
90d. Similarly other tensile unit stresses will require other lengths for 
their development. For convenience let this minimum length be called 
the “critical length.” 





It is obvious that in a uniformly loaded simple beam or slab in which 
the span is greater than the critical length, plain full-length bars being 
used, the bond unit stress need not be computed. 

Before a permissible nominal bond unit stress can be decided upon the 
relative safety both in nominal bond and in actual bond under various 
loads must be studied. (See Fig. 8.) Consider first the nominal bond. 





j *See University of Ilinois Engineering Experiment Station Bulletin 71, Fig. 68, 
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Fig. 8—Relative safety in actual bond 


For a given tensile unit stress the relative maximum shears and relative 
safeties in nominal bond corresponding to various types of loading are 
given in Columns 2 and 3 of ‘Table 3. 

The relative safeties in actual bond may be studied as shown in Fig. 8. 
Compare first a uniformly loaded simple beam with one carrying two equal 
concentrated loads at the third points. In the latter a greater tensile 
unit stress can be developed by the actual bond in the outer quarters 
of the span than moment computations would require, but this is counter- 
balanced in the neighborhood of the loads. Since the areas under the 
two steel stress curves are equal, and since there is no great difference in 
the corresponding ordinates, it may be concluded that when carrying a 
uniform load producing the same f,, a simple beam is just as safe in 
bond as when carrying two equal loads at the third points even though 
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TABLE 3 
. 1 | 2 ; 3 | 4 
z a a aaa | CORE 1820 
re Relative | Relative safety) Relative safety 
Loading condition | maximum | in nominal in actual 
shear bond bond 
Uniform load........... fe rare 4/3 3/4 1 
Single concentrated load at midspan. . 2/3 3/2 3/2 
Two equal loads at third points... ... 1 1 1 
Two equal loads at outer quarter 4/3 3/4 3/4 
PR ibis hiele’s sis.04 woriuit 
Three loads at quarter points. ....... 1 1 16/15 
Four equal loads at fifth points....... 6/5 5/6 | 1 


the maximum nominal bond unit stress is 4/3 as great. This is indi- 
eated in Columns 3 and 4 of Table 3. Similarly, relative safeties in 
actual bond have been computed for other loading arrangements and 
are tabulated in Column 4. 


It will be noted that for the load arrangements in the above table 
the relative safety in actual bond is equal to or greater than that in 
nominal bond. From this fact and from others so far brought out it 
may be concluded that for the large majority of load arrangements 
met with in practice on simply supported prismatic beams having 
full-length reinforcement the use of the bond formula and nominal 
bond unit stresses is quite safe. The designer need concern himself 
chiefly with heavy concentrations outside the middle third of the span. 
Here, as with short span and other beams mentioned previously, the 
accumulated bond must be sufficient to develop the anticipated steel 
unit tension, 

It will be noted, too, that the relative safeties in nominal and actual 
bond are the same when the beam is loaded with equal concentrated 
loads at the third points of the span. Hence this arrangement of loads 
may be used in determining specific nominal bond unit stresses, as 
follows: 


For two equal concentrated loads at the third points, 


Load = 2P 
V=/f/ 
Vv - Pl er 3M \ 
3 l 


from which 


3M 3ST jd = 3nd*f, FF . 
u — = —— ' er aa 
lXojd lXojd tod | 1 ol 
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Taking f, = 40,000 psi as a basic tensile unit stress because it pro- 
vides a factor of safety of 2 on the most frequently used permissible 
tensile unit stress, using the critical span length of 90d, and substituting 
in Eq. (4). 


“= OW 333 psi 
90 

Permissible nominal values of uv now in use are based largely on rather 
old, though carefully made, tests of simple beams reinforced with plain 
bars and loaded at or near the third points. The maximum nominal 
bond stress developed in beams so loaded, with 3 in. overhang, reported 
in University of Ilinois Bulletin 71, was from 377 to 413 psi. Dedueting 
the excess ascribable to the overhang, these values would be from 329 
to 335 psi. This gives a close check on the above treatment. ‘The 
value in most common use, 100 psi on plain bars in 2500-lb concrete 
therefore, provides a factor of safety of 314 for such loads. Where 
reversals of loading* must be taken into account, this factor of safety 
is low enough. Of course, for simple beams reinforced with unanchored 





P i P = ae 3h 
plain bars this is equivalent to a specified critical length of —s «x 90d 


— 


= 150d. 


Deformed bars 

If the deformations on a bar in a beam are such that it is permissible 
to use a bond unit stress 25 percent greater than on a plain bar, then 
since the distribution curves for plain and deformed bars are quite 
similar, the bar can be developed in a simple span of 72 diameters, 
which may be proved as follows: Since the ordinate to the moment 
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shear curves are equal. 
Refer to test. 


*Blater, W. A., Smith, G. A., and Mueller, H, P., Effects of Kepented Reversals of Strens on Double 
Reinforced Concrete Beaman,” Technological Paper No, 182, National Bureau of Standards, 1920, 
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curve is equal to the area under the shear curve, the same maximum 
moment can be developed when the total areas under the shear curves 
are equal, as shown in Fig. 9. Here the area FGC must equal area 
ABC, and since the unit bond (proportional to the unit shear) is 1.25 
as great on the shorter span, then the critical length, /, is equal to O.8L. 
Hence, 0.8 & 90 diameters 72 diameters. If the deformed bar 
characteristics are such that a nominal bond stress greater than 1.25 
times the bond on plain bars may be permitted, then the critical span 
length required for the development of a bar by bond can be decreased 
in proportion, 

There is every prospect that in the near future unsatisfactory defor- 
mations will be weeded out, thus removing the penalty under which 
bars with good deformations are now working. In fact, it is quite 
possible that the deformations on all deformed bars will soon be even 
better than the best now manufactured. 

At the present time there is a decided tendency toward an increase 
in tensile unit stress. The City of New York, for example, now permits 
“for all high vield strength steels with a yield point in excess of 50,000 
psi, a working stress of 40 percent of the yield point with a maximum 
value of 24,000 psi in tension’. (Report No. 2507, Structural Engi- 
neers Society of New York) and the same maximum tensile unit stress 
was permitted by the National Emergency Specifications of the War 
Production Board, dated November 10, 1942. As far as tension is 
concerned there is no objection to these increases, in appropriate steels, 
but such increases bring out the need of caution in dealing with bond. 


TREATMENT OF HIGH BOND STRESSES 

Introduction 

It should be remembered that the permissible u is based upon its 
value at and near the ends of simple beams, where moment is low and 
bond resistance is high. In beams in which bars are cut off or bent and 
in cantilever and continuous beams conditions are quite different and 
require separate consideration. Before taking up a study of these cases 
a preliminary survey of the treatment of bond unit stresses higher than 
the permissible nominal bond becomes necessary. 

There are two general methods of dealing with bond stresses which 
exceed the allowable: 

1. Using smaller bars, in which the ratio of surface area to cross- 
sectional area is greater than in bars of larger diameter. 


2. Anchorage. 


The first is readily applicable to slabs, but in beams the use of too 
many bars may easily complicate the problem of placing the steel. 
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, 

i In such cases anchorage is necessary. 

HF Anchorage may be secured by: 

pe 1. Extending the bar, 

Mi 2. Bending the bar, 

11% 3. Hooking the end of the bar, 

He 4. Attaching the end of the bar to some special anchoring device, 
ih such as a steel plate. 

Hi The first three methods of anchorage are by far the most frequently 
At used. The fourth is sometimes used in fastening the bottom chord 
Ti tie-rods in arches of the so-called “rainbow” type. The device of fasten- 
i ing the ends of bars to the webs of steel beams by means of nuts is of a 
\ similar nature. 

iF In studying anchorage by bar extension first consider the simple 
ie prismatic beam in which again all bars extend full length, and recollect 
that (Bul. 71, p. 147) “the load at which first end slip of bar was found 

AE was greatly influenced by the length of overhang’. The concrete in 

ate the overhang is not in tension, so that a bar embedded in it is virtually 

th, a pull-out specimen. It is not too much, then, to treat the whole beam 

it as though the bond stress were distributed along the bar from end to 

ie end in such a manner as to develop the parabolic representation of 
4 steel unit stress shown in big. 10. 

Hy The nominal bond stress, being proportional to the ordinate in the 
iE: shear curve, is proportional to the slope of the moment curve. Also 
1 the ordinate to the moment curve, that is, the tension in the steel at 
Hj any point, is proportional to the area under the shear curve. For con- 
1h venience, let the permissible bond unit stress (7.e., permissible slope to 
fe the moment curve) be represented in the moment diagram by the angle 
ne 0. In Fig. 10(a), then, if it be supposed that one-half the maximum 
+ tensile unit stress can be developed by bond without exceeding the 
i permissible nominal bond stress, anchorage is called upon to develop 
hile the other half. The abscissa, 2, to point B may be determined from the 


relation 





| it | 2 
Hy . | 
| en x* a’ 
Pe ha . 
ae from which 
it x = (.707a, 
| i and the horizontal distance between B and C' is a 0.7074 0.203a 
Since, (p. 537) when f, = 20,000 psi, a = 45 diameters for plain bars or 
nh 36 diameters for deformed bars, this distance is 13.2 d for plain bars or 
tT, 10.6 d for deformed bars. From the properties of a parabola it may be 
bu shown that the slope at C is 1.414 times the slope at B. That is to say, 
| / 
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in a simply supported beam a bar extension at the support of 13.2 
diameters on plain bars or 10.6 diameters on deformed bars will make 
it permissible to use a nominal bond stress 1.414 times as high as that 
permitted without anchorage and will develop one-half the tensile 
unit stress of 20,000 psi in the steel. 


The above extensions are based on the bond distribution on p. 531. 
If the extension is to be such that the maximum nominal bond stress, 
u, permitted by the code (angle 6 in the moment diagram) is not ex- 
ceeded at any point, area EFGH in the shear curve must be equal to 
area JKFH. That is 


0 x GH « ‘* A x 0.2934, 


from which 
{45d (plain bars) = 15.9 d 
|36 d (deformed bars) = 12.7 d 
Similarly, as seen in Fig. 10(b), extensions of 22.5 d and 18.0 d are 
required for plain and deformed bars respectively, if the anchorage must 
develop three-quarters of the tensile unit stress. To develop the same 
tensile unit stress with a uniform bond in the extension, the correspond- 
ing lengths of extension would be 33.75 d and 27.00 d respectively. 
Under these circumstances the nominal bond unit stress would be twice 
the code value. But these latter extensions mount so rapidly that the 
assumption of uniform bond in long extensions is untenable. 


extension GH = 0.353a = 0.353 & < 


Factors computed as above, by which the permissible nominal bond 
stress at the supports of simple beams may be multiplied, corresponding 
to various lengths of embedment and based upon the bond distribution 
previously cited, are given in Table 4. In Table 5 several values of 
required extensions are given, based on uniform bond in the extension. 
In both tables direct interpolation is permissible. 


Example 1 
Consider a simply supported beam, 22 in. deep to the steel, made of 

2500-Ib concrete, having a span of 10 ft, and carrying a uniform load 
of 4000 lb per ft, including its own weight. Here 

V = 20,000 Ib, 

M 50,000 ft Ib, 

A, = 1.57 sq in. = 2 — 1 ¢ bars, 
from which, by Eq. (3), 


ui 20,000 
2 X 3.14 X 0.866 XK 22 
This is higher than the allowable nominal value on straight unanchored 


= 167 psi 
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TABLE 4 


Factors by which permissible nominal bond stress 
may be multiplied when deformed bars are extended at 
supports of simply supported beams. Bond in ex- 
tension varies as shown on p. 538. 


Extension ; Factor 


ld 1.03 

4d 1.13 

7d 1.24 
10.6 1. (Equiv. to hook) 

*12d 1.50 
15d 1.71 
Sd 2.00 
*ACI Code 902a 
TABLE 5 


Factors by which permissible nominal bond stress 
may be multiplied when deformed bars are extended. 
Uniform bond in extension. 


Extension | Factor 


ld 1.02 
6d 1.19 
*12d 1.39 
12.7 d 1.41 Equiv. to hook 
18d 1.62 
23 d 1.82 
27d 2.00 


*ACI Code 902a 


‘ ‘ ~ 164 ee “ee : . e 
bars, in the ratio of —- = 1.33. By the bond distribution of p. 531 an 
20 
extension of 9 in. would be satisfactory. (See Table 4). With a uniform 
bond in the extension not exceeding that permitted by the ACI Building 
Code, an extension of 10.2 in. would be required (Table 5). 


Hooks, too, and hooks plus bar extensions make effective anchors. 
These are treated more in detail later, but for the time being it is sufficient 
to state that a properly designed hook is considered to be able to develop 
in a bar not more than 10,000 psi (ACI Code, Sec. 906c). 


BEAMS IN WHICH BARS ARE CUT OFF 


Let the reinforcement in a beam consist of several parallel bars, some 
of which for economy are cut off where no longer needed to resist 
moment. Fig. 11(a and b) shows a cantilever beam and a simple beam, 
each reinforced with two bars, one of which is so cut off. The total 


tension varying directly with the bending moment, the unit stress in 
bar b at section A in either beam will be the same as at the point of 
maximum moment. Bar 6, therefore, must be completely developed 
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Fig. 11—One reinforcing bar is cut off where no longer needed to resist moment. 


between the end of the beam and section A, and bar a must be separately 
developed between section A and the point of maximum moment. 

The bond formula, therefore, is applicable to a beam with bars cut 
off only when Yo is properly interpreted. ‘To the left of Section A, it 
is obvious that the circumference of bar b only can be included in Yo 
of the formula. Also, since the change in tension in bar b between 
section A and the point of maximum moment is zero, then the total 
change in moment in this length must be resisted by the change in steel 
stress in bar a only. That is, the circumference of bar a only should be 
included in Yo. To include the circumference of all bars cut by section 
B indicates a degree of safety that does not exist. 

The bond formula then, should, if used, be applied to each set of 
bars separately, using the maximum value of V which occurs between 
the ends of the bars under consideration and the point where the bending 
moment indicates that the next shorter set of bars could be cut off. If an 
excessive value of u is thus found, then the bars under consideration 
must be effectively anchored. 

Since hooks in the region of tension are almost certain to result in 
the formation of cracks, bends or extension of the bars are preferable. 
(See ACI Code, Sec. 906b.) Also, except on bars reaching to the sup- 
ports of simple beams, extensions usually lie in a region corresponding 
to the lower portion of curve a, Fig. 7(a). It is advisable, therefore, to 
assume that the bond unit stress on such extensions does not exceed 
that specified by ordinance. This would reduce this phase of the ex- 
tension problem to one of simple pull-out with code bond values being 
used. The required length of bar, from the point of maximum tensile 


unit stress would be | = i d. When f, = 20,000 psi in deformed bars, 
4u 


= 0d = 400d. 
4 X 125 


Suppose, for example, that in the simple beam of Fig. 11(b) the decrease 
in moment would permit bar a to be cut off at section A, and that at 
this point the computed bond unit stress on bar a was excessive. This 
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condition could be remedied by extending bar a beyond section A, 
The length of the extension would be governed by the fact that from 
midspan to end of bar should be not less than 40 d. 

If the bond on bar b were excessive, the higher portions of the bond 
curve might be used. (See Table 4). 

Cantilevers are frequently short, and the high moment at B, Fig. 
I1(a), necessitating much reinforcement, drops off rapidly. As far as 
moment is concerned, bars may be cut off at frequent intervals, but 
projecting lengths may be quite inadequate to develop the tension in 
the individual bars. In general anchors of some sort will be required 
on the stopped-off bars in cantilever beams. 

Example 1 

Let it be required to check the bond in the beam of Fig. 12(a), the 
weight of the beams being disregarded. 

On bars a at section A and on bars 6 at the support, uv (maximum) = 
12,000 


= 140 psi. In 2500-lb concrete, the ACI Code permits 
5.5 X 0.866 * 18 


a maximum nominal bond stress of 125 psi on unanchored deformed 
bars. Hence, both sets must be anchored. 

Hooks would permit the use of a nominal bond stress of 125 & 1.5 = 
187.5 psi, [ACI Code, Table 305(a)], which provides satisfactory and 
permissible (906b) anchorage on bars b, but the sudden increase in 
total tension occasioned by hooks on bars a would almost certainly 
result in a crack at A. A bent bar or an extension (902a) would inhibit 
such a crack, and either may be used. In the case of the bent bar, 
assuming for the present that the bend is equivalent to a hook, it could 
develop in the bar a tensile unit stress of 10,000 psi (See ACT Code, 
Section 906c). In addition, from Eq. (2), the bond on the 31% in. straight 
4x 125 x 31\% 

1% 
the bend this is adequate. If extensions were used, bars a should extend 
20,000 x_% in. = 35 in. each side of midspan, an extension of 334. in. 
4 X 125 
at each end. This extension is less than the 12 d (= 10!o in.) required 
by the code, (902a) which should be regarded as a minimum. 
Example 2 

The beam of Fig. 12(b), made of 2500-lb conerete, carries a total 
load of 36,300 Ib ,including its own weight, and is reinforced with 4-7.@ 
deformed bars. For convenience, the bars are shown one above the other. 
From the moment diagram it is seen that,these bars might be cut off 
at points A, B,C and D. But: 





portion could develop = 17,800 psi. Together with 
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9100 


at A,u =. = 211 psi 
2.75 X 0.866 & 18 

2,850 , 

at B, u = = - = 301 psi 
2.75 X 0.866 & 18 

5,750 ; 

at C,u =. ws = 369 psi 
2.75 X 0.866 X 18 

8,150 , 

at D, u ws me = 422 psi 


2.75 X 0.866 * 18 
which demands attention. 

Except at D, hooks are not permitted, so anchorage must be secured 
by bending up or extending the bars. Bar a, not being long enough 
to reach the region where higher bond might be permitted [see Fig. 7(a)], 
the required extension is determined from Table 4 to be 19.7 d or 17% in. 
A bend in developing half the permissible tensile unit stress of 20,000 
psi, is equivalent to 20 d uniform bond. Hence bending up bar a at 
point A would also be satisfactory. 

Bar b, from A to B, also being in a region of more nearly uniform 
bond, may be anchored by extending it 40 d to the left of point A. This 
is beyond point C. Or, since the distance from A to B is 19.6 d, bending 
up the bar at B would give an equivalent development length of 19.6 + 
20.0 = 39.6 d, which is just about sufficient. 

Since 15.0d + 12.6d = 27.6d, bar c could not be developed by extension 
under uniform bond alone, unless the beam were provided with an 
overhang of 40.0d — 27.6d = 12.4d = 10% in. Moreover, since the 
distance BC is only 15 d, bar ¢ could not be developed by bending up. 
Evidently it must be extended, and will be further considered together 
with the anchorage of bar d. 

To avoid a bong overhang bar d should be hooked, which means 
that it need be extended only 20 d beyond point C, that is, 20.0d — 
12.6d = 7.4d = 6% in. beyond the support. That is not quite equal 
to the 107% in. required to develop bar ¢ by bond, so bar c, too, should 
be hooked and provided with an extension of 6'% in. beyond the center 
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Fig. 13—Reinforcing bars bent up to resist shear 
when no longer needed to carry moment 
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TABLE 6 


Factors for allowable bond stresses when deformed 
bars are extended and hooked at supports of simply 
supported beams. 











Hook plus | Uniform load, Loads at Load 
extension or loads at outer at 
of third points | quarter points | midspan 
Od 1.41 1.06 2.12 
2d 1.54 1.16 2.32 
4d 1.69 1.27 2.54 
- 6d 1.86 1.40 2.80 
74d 2.00 1.50 3.00 
10.0 d 2.34 1.75 3.50 
12.0 d 2.69 2.02 4.04 





Permissible nominal bond unit stress equals code 
unit stress multiplied by above factors. 


of the support. This arrangement complies with Sec. 902c of the ACI 
Code. 


The experienced designer will sense the analogy to the determination 
of cover plate rivet spacing in the design of plate girders. 


BOND IN BEAMS WITH BENT BARS 


In beams where bars are no longer needed for moment they may be 
bent to resist shear, as, for example, in Fig. 13. Here A and B represent 
points where bars are no longer needed to resist moment. 

From the previous discussion it will be realized that in beams of 
2500-lb concrete, with deformed bars, the distance from section C to the 
bend in bar ¢ and also the distance from section B to the bend in bar } 
must each be at least 20 d, counting the bend as the equivalent of a 
hook. This may mean that bar ¢ must be extended beyond section B 
before being bent up, and, similarly, that bar b must be extended beyond 
section A before bending. In the latter case it may be well to extend 
it to the support without bending. The distance from the reaction 
to point A is governed by the higher portions of the bond curve, and may, 
if desired, be checked by means of Tables 4 and 6, 


BOND IN CONTINUOUS BEAMS 


Continuous beams may be regarded as cantilevers over the supports, 
carrying simple beams between points of contraflexure, and bars are 
frequently bent from the upper surface at the support to the lower 
surface toward mid-span. Bond will usually cause little trouble in the 
simple beam portion, for shear at the points of contraflexure is not as 
great as at the supports. In the cantilever portion, however, the mo- 
ment diagram may indicate that negative steel can be bent down at 
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Face ofr Point of 
Support Contre r/. 









Fig. 14, 


Fig. 14—Bent-up bars acting as anchors at cantilever support 


frequent intervals close to the support. But the distance between the 
support and the first bend, or between bends, is almost certain to be so 
short that the bends will be called upon to act as anchors. 

In Fig. 14, for example, B, C and D represent points where bars a, b, 
and ¢ respectively are no longer needed to resist moment. As before, 
bar a should extend 20 diameters to the right of point A before being 
bent down, bar b 20 diameters beyond point B, bar c 20 diameters 
beyond point C, and bar d 20 diameters beyond point D. 

Here bar d may be hooked if it extends beyond the point of contraflexure. 
If the required 20 diameters falls short of the point of contraflexure the 
bar must be extended beyond this point. (See ACI Code, 902a.) And 


Courtesy University of Illinois Experiment Station 





Fig. 15—Beam failure typical of those due to insufficient anchorage and sharp bends 
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ty here again the bend in bar a may lie beyond point B, the bend in bar b 
th! beyond point C, or the bend in bar ¢ beyond point D. If sufficient 
i anchorage is not provided, or if bends are too sharp, failure of the type 
ifr. shown in Fig. 15 may follow under heavy loads. 
.eF 
srt 
ie BOND IN WEDGE-SHAPED BEAMS 
He ' ; 
Hed In the development of the bond formula there occurs the expressions 
erie 
er ’ M eT M . -. 
ht T = —and 7; = —. For beams of constant depth the values of jd 
afl. jd jd 
Hi in these expressions are equal. For wedge-shaped beams, however, 
tle they are not, and, therefore, the difference in tensions cannot be ex- 

i M,-—M dit ; 

M4 pressed as —— > Bate Hence, this equation is applicable only to beams 
} ie 





in which the resultant tensions and compressions are parallel. 

It is a convenient, though certainly a misleading and possibly a 
dangerous coincidence that in prismatic beams the internal bond unit 
stress bears a direct relation to the external gross shearing force. 

For example, let Fig. 16 represent a triangular cantilever beam with 
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het! Mome Fig. 16—Triangular canti- 
the lever beam with concen- 
44 trated load at the end 
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a concentrated load at the end. The bond formula would indicate a 
, 
bond unit stress of , varying inversely as d along the bar. In reality 
Lojd 
there can be no net bond stress between points A and B; for since the 
lever arm of the resisting couple varies at the same rate as the external 
moment, the steel stress is constant along the bar. There being no change 
in the steel stress there can be no bond. In other words, both the 
length c and the end anchorage at B must be capable of developing the 
full stress in the bar. The danger in such cases is that the designer 
might check the bond at the support by means of the bond formula and 
be content if a low value of wu were thus found—in which case he would 
be dead wrong. 
The general case of nominal bond stress is given by formulas of the 
type* 
V = ml (tana — tang) 
ds» * 
u=- - ur a ‘M .(0) 
Lojds 
If the subtracted quantity in the numerator of this equation tends 
to diminish the value of V, as in a simply supported beam deeper at 
, M. ; 
midspan, the minus sign before r is used, as shown. If the effect is 
(lo 
cumulative, as in a simply supported beam deepest at the ends, a plus 
sign is used. In either case, when 7’ and C are parallel both tana and 
tang reduce to zero and Eq. (5) reduces to Eq. (3). But once again the 
reader is warned that a low nominal bond stress may mean danger 
not safety. 


HOOKS AND EXTENSIONS IN TERMS OF THE BOND FORMULA 


A compilation of test data, made by the author, shows that a tensile 
unit stress of 20,000 psi at the point of tangency of the Considere hook 
is sufficient to cause incipient crushing and splitting of the concrete 
when large bars are used or slipping around the bend when the bar 
diameter is small. It seems wise, therefore, to limit the dependence 
on a hook, as is done in the ACI Code, Section 906c, wherein it is stated 
that ““No hook shall be assumed to carry a load which would produce 
a tensile stress in the bar greater than 10,000 psi’, thus providing a 
factor of safety of about 2. 

This ruling can readily be expressed in terms of bond unit. stress. 
Referring to Fig. 7(a), it is seen that the hook at the simply supported end 
of a beam, in developing 20,000 psi of the 40,000 psi, is equivalent to 


*See Iq. (5)a, Sec. 825, Joint Committee Report, 1940 
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the first 13.2d of a plain bar in a beam whose length is 2 * 45d = 90d. 
That is, if the bars were hooked, 40,000 psi could be developed in a 
span of 90d — (2 X 13.2d) = 63.6d. To produce a given tensile unit 
stress in the steel, the uniform load per unit of length on this span 


9 


—w = 2w, that is, twice as great as on the span 


would have to be = 





6: .67 
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of 90d, and the corresponding shear would be es 1.414 times 
w X 90 

as great as on the longer span. That is, at the simply supported end 
of a uniformly loaded beam, the allowable nominal unit stress is 41.4 
percent greater if the bars are hooked, without aid from extension of 
the bar. Substituting 72d for 90d and 10.6d for 13d in the foregoing 
procedure, it will be seen that this statement is true also for deformed 
bars. 

A combination of hook and extension at the simply supported end of 
a beam can be evaluated in a similar manner. As an example of such 
computations, let it be desired to find the nominal bond stress developed 
by an anchorage consisting of a standard hook plus an extension of 7.4 
diameters on a deformed bar. The hook is equivalent to an extension 
of 10.6 d, and the combination is equivalent to an.extension of 10.6 d 
+ 7.4d = 18.0 d. With such an anchorage the bars could be de- 
veloped in a span of 72d — (2 X 18.0 d) = 36.0d. To produce the 
same tensile unit stress in the steel, the uniform load would have to be 
72? ' ; 
= w = 4.00 w, and the corresponding shear and allowable nominal 


4.00 * 36 


bond stress would be —— = 2.0 times as great as in the longer beam. 


. r 

Factors corresponding to hooks: plus extensions of various lengths, 
by which the nominal bond stresses at the simply supported ends of 
beams may be multiplied, have been computed as above and are given 
in Table 6. 


Example 1 


Circumstances make it desirable to use a nominal bond stress of 232 
psi on deformed bars at the wall support of a uniformly loaded simple 
beam of 2500-lb concrete. How can this be done? Table 6 indicates 
that a hook plus an extension of 6 diameters beyond the reaction would 
be satisfactory. 

But “beyond the reaction” is somewhat indefinite, for a reaction is 
not just a pretty arrow but a support of some width. Depending upon 
the nature of the support, Fig. 17 shows the end details that might be 
expected. If the support is yielding enough to permit a uniform distri- 
bution of pressure, and the extension is measured from the center of 
pressure, the 24-in. bearing of Fig. 17(a) will be required for adequate 
anchorage. If the beam rests on a less yielding support, such as a brick 
wall in lime mortar, Fig. 17(b) is suggested. On a support so rigid that 
the reaction may be considered to act at its inner edge, Fig. 17(c) would 
apply. This, moreover, is the minimum advisable bearing. With any 
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shorter bearing there is danger that the whole block of concrete beyond 
the hook would crack off. The ACI Code makes no such recommen- 
dations, but as applied to hooks the wording of Section 902 ¢ implies 
narrow supports, whereas it is obvious that at times long bearings may 
be necessary. 


ORDINARY AND SPECIAL ANCHORAGE 


During and immediately following World War I, it became apparent 
that high nominal shearing and bond unit stresses could be permitted 
if bar slip could be prevented. The code implies a permissible increase 
of as much as 50 percent. The author has attempted to point out how 
anchorage of almost any desired degree may be secured, and has paid 
particular attention to simply supported beam ends where “special 
anchorage”’ is difficult to secure. 

It is not our purpose to study all the possible means of anchoring bars 
—nuts and washers, connecting the ends of bars in pairs, strap anchors, 
dished strap anchors, etc. This latter, incidentally, is the best. Nor 
is it advisable here to investigate either the splitting and crushing 
stresses in the concrete, or the stresses in the bars themselves. The 
purpose is merely to point out that bond is occasioned by change in steel 
stress and to indicate how this change may safely be accomplished. 
Formulas or no, it should never be forgotten that réinforced concrete 
is not a homogeneous product, even though well designed reinforcement 
can make it behave approximately as such. 
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By ULF BJUGGRENT 


The behavior of tensile reinforcement after cracking has developed is 
of great importance not only for the anchorage but also for the bending 
and shearing strength of the reinforced concrete beams. Mylrea has 
in his excellent paper especially considered the relation between bond 
and anchorage. Still something should be said about the influence of 
bond on the general behavior of cracked beams. 





Neutral ous 
Cracksurtaces. 


















Fig. A—Cut out piece of gt 
a reinforced beam between Ys <~+ 


two adjacent cracks 


Mylrea has apparently assumed that the net sum of bond stresses 
between two cracks can always be carried by the concrete between 
two cracks. In order to study this problem a part of a beam between 
two cracks is cut off as shown in Fig. A. We assume that there is no 
load on this part of the beam, that the shearing force is V and the length 
of the cut off piece is a constant equal to e. This latter assumption is 
not quite correct, but that fact has no importance for the discussion. 
The difference of tensile force in the reinforcement is: 

tS eee PD LEE RD LES (1) 
J 
~ *ACI JouRNAL, March 1948, Proc. V. 44, p. 521. 
Civil Engineer, Stockholm, Sweden. 
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Fig. B—Proposed type of new bond test specimen. 


This force gives a bending moment on the concrete between the 
cracks. In a horizontal section on the vertical distance y from the 
reinforcement this bending moment .1/; is 


, Ve 
2 (2) 
m 
corresponding to a bending stress f. of the concrete 
6M V 1 ) 
io cael A Foal SO eS rie et 
be? jbe € 


where v represents the maximum intensity of vertical shearing stress, 
computed as for regular beams. 

Now the value of e is very little dependent on the depth of the beam. 
At high steel stresses when using steel with good bond this value can 
be lower than 4 in. Then it is easily seen that for high beams these 
concrete bending stresses can be many times the computed shearing 
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stresses. The concrete should break if no other forces counteract the 
mentioned bending moment. 

Such forces can only appear in the shape of shearing stresses between ; 
adjacent crack surfaces and they will appear only if the cracks are 
sufficiently small. Thus we can summarize the required conditions 
of a reinforced, cracked concrete beam acting as a true beam; the steel \ 
stresses will vary substantially with the bending moment if the following 
conditions prevail: 


i neeeemneninenalll 


1. The bond between steel and concrete shall be sufficient that 
the difference AT of the tensile forces can be transferred, to 
the concrete. 

2. The cracks shall be narrow enough that the required shearing 
stresses can be developed in the crack surfaces. 

In addition to the usual pull-out tests other tests ought to be made 
in which the reinforcement will function more similarly to the rein- 
forcement of a cracked beam. The writer suggests a test specimen in 
the shape of a long centrally reinforced concrete bar (Fig. B), in which ) 
the steel bar protrudes at both ends and the surrounding concrete has : 
about the same relative cross section as in regular beams. 


et A Nee eR Re Nt, — Ne NTE, te AR 


Actually the author has made such tests with prestressed concrete 
and found the same relations between force, elongations and number ; 
, : : : ; \e 
of cracks for centrally pulled bars and for the tensile area of concrete ' 


beams. Some of these tests are published in a Swedish paper*. O | 

From the foregoing it is evident that the cracks ought to be as narrow ty 
as possible. There seems to be a close relation between the width of " 
and the distance between cracks. The author has developed from a | 
*Bjugegren, Ulf, ‘Den armerade betongens verkningssitt,’’ Betong No. 3, 1946 (Stockholm). ; ) 
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Swedish paper on cracks in reinforced beams* the relation between 
maximum width of and maximum distance between cracks for beams 
reinforced with plain bars at a computed steel stress of 23,000 psi 
(see Fig. C). From the same tests, referred to in Fig. C, it could also 
be shown that the ratio between the greatest distance ‘e between the 
cracks and the square root of the smallest surrounding concrete area 
A. was constant, as shown in the table. The surrounding concrete 
area was calculated as shown in Fig. D. 











inforeing bars | — 
wee | Reinforcing bar wee Mt VAL 
No. No. Diam., em? em ae 

mm 
| 

2a | 2 19.1 58.5 | 23.0 | 0.332 
2 | 2 20.0 54.9 | 22.5 | 0.330 
3 8 99 | 12.0 | 11.2 | 0.310 
4 6 20.1 27.0 | 15.0 | 0.346 
oh 2 20.1 | 111.0 | 32.2 | 0.327 
10 2 20.0 | 49.1 20.2 | 0.346 
ee 20.0 | 51.4 | 22.3 | 0.321 
toe 20.0 48.7 | 22.4 | 0.311 


Average 0.328 + 4 percent 


Some theoretical speculations of the writer seem to point toward a 
formula of the following type for the greatest distance between cracks. 


Se 0 Ia gn (4) 


where f. = the tensile bending strength of the concrete and ¢ is a factor 
dependent mainly on the bond properties of the steel. 


Knowledge regarding the bond in cracked concrete is necessary to 
get any true knowledge regarding the general behavior of the cracked 
reinforced beam. Above is directly mentioned the possible shearing 
stresses in the cracks, which naturally must have a large bearing on 
the shearing strength of the beam. Further the bending strength can 
be more accurately calculated when the relation between tensile force 
and elongation of cracked reinforced concrete is known, as undoubtedly 
the deformation varies approximately straight-line between the ex- 
treme fibres of a cracked beam, if the deformation of the cracked part 
of the beam is calculated as the average elongation of the steel. 


By S. D. LASHf 


The subject of bond is of fundamental importance and many de- 
signers feel that changes in regulations are desirable. It is to be hoped 


*Wastlund, Georg and Jonsson, Per Olov, ‘‘Undersékning rérande sprickbildning i armerad betong- 
konstruktioner,” Del. 1 (Stockholm). 
+Associate Professor of Civil Engineering, Queen’s University, Kingston, Ontario, Canada, 

















BOND AND ANCHORAGE 552-5 


that Professor Mylrea’s paper will receive the careful study that it 
deserves. 


Professor Mylrea wisely directs our attention to the problem of the 
factor of safety provided in reinforced concrete construction. It has 
long seemed to the writer that this has been misunderstood in specifying 
allowable bond stresses. An embedment of about 28 diameters is 
sufficient to develop a tensile stress of 40,000 psi in a pull-out specimen 
using a plain bar. Now the specified yield point stress for intermediate 
grade steel is also 40,000 psi and consequently there would appear to 
be little justification for requiring embedment in excess of 28 diameters 
no matter what the tensile stress in the bar may be. According to the 
ACI Building Code, an embedment of 62.5 diameters is required to 
develop a stress of 20,000 psi using 2000-lb concrete. One cannot help 
thinking that at some time the ratio of 62.5 to 28 was thought of as a 
factor of safety. Actually, of course, the factor of safety is provided 
in selecting the allowable tensile stress. In defense of the very long 
anchorage it may be argued (a) that in beams the steel is usually hori- 
zontal when the concrete is placed, whereas in pull-out specimens it is 
usually vertical and the bond on a horizontal surface is substantially 
less, (b) that bond is a somewhat erratic property anyway and conse- 
quently an additional margin of security is desirable. Professor Mylrea 
does not refer to the first point, but it is of course well known that the 
position of the steel when the concrete is placed has an important effect 
on bond. If further information were available on this point it might 
well be that bond would appear as a somewhat less erratic property 
than it does at present. This is particularly the case since bond, unlike 
many other properties, is not greatly influenced by the strength of 
concrete. The writer believes that after giving due weight to the above 
considerations, anchorage in excess of 45 to 50 diameters are seldom, 
if ever, necessary using ordinary grades of reinforcing steel. 


Professor Mylrea is to be commended for his clear description of the 
part played by bond in beam action. In view of the great difference 
between the actual distribution of bond stress and that given by the 
usual formulas it is questionable whether the latter should be retained, 
especially as they are based upon the elastic theory of design. There 
appear to be many good reasons for applying “limit design” to rein- 
forced concrete beams and if this is done the formulas for shear and 
bond will have to be reconsidered. The best that can be said for the 
usual bond formulas is that: they give a rough idea as to the possibility 
of slipping becoming general along the bars and hence indicate the 
amount of end anchorage required. This approach was emphasized 
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in the Canadian regulations for reinforced concrete* published some 
years ago in which a clear distinction was made between ‘anchorage 
bond stress” and the “bond stress resulting from shearing force’. The 
allowable stress in the latter case was twice as great as in the former 
and the amount of anchorage required was made to depend upon the 
value of the bond stress resulting from shearing force. With sufficient 
anchorage the latter was permitted to be as high as 240 psi using 3000-lb 
concrete. (This compares with 180 psi under ACI rules, which is only 
permitted when hooked bars are used.) <A similar distinction will be 
found in the most recent British regulationst which refer to ‘average”’ 
and “local” bond stresses. The latter are permitted to be about 50 
percent greater than the former. Incidentally it is perhaps worth 
noting that many European regulations do not require calculation of 
bond stress when bars are hooked. 

The writer believes that the terms “special” and “ordinary”’ anchorage 
should be discarded. It may be that in some structures such as ships, 
subject to frequent reversal of stress, special precautions are necessary, 
but this applies to many other things besides bond. Professor Mylrea 
has shown how anchorage may be designed to meet the needs of any 
particular situation. While the details of this procedure will doubtless 
be the subject of much discussion the fundamental correctness of the 
approach should not be in question. 


By H. VAN UCHELENT 


The thorough study of Professor Mylrea contains much new knowl- 
edge which is of greatest importance for the development of reinforced 
concrete. However, I differ with an important conclusion in this paper. 
On p. 534 Professor Mylrea compares the relative safeties in bond of a 
uniformly loaded beam with one carrying two equal concentrated loads 
at the third points. He supposes that the surplus of nominal bond in 
the neighborhood of the load is counter-balanced with the superfluous 
actual bond in the outer quarters of the span. But what happens when 
cracking occurs near a load? The total tension cannot exceed the 
cumulative bond, the lever arm must be longer than computed, the 
center of compression approaches the top of the beam which fails ap- 
parently in compression, although the real cause of failure is the de- 
struction of the bond between steel and concrete. The difference in 
the corresponding ordinates (Fig. 8) is great enough to produce in 
general this phenomenon. I fail to see the significance with respect to 
this problem of the areas under the two steel stress curves. 





*'Standard Specifications for Concrete and Reinforced Concrete A23-1942," Canadian Standards 
Association, Ottawa. 
“National Building Code, 1942,'’ National Research Council of Canada, Ottawa. 
+The Structural Use of Normal Reinforced Concrete," British Standard Code of Practice CP114 (1948) 
British Standards Institution. 
tCivil Engineer, Public Works of Amsterdam, Holland. 
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By PHIL M. FERGUSON* 


Professor Mylrea’s paper on bond stress is a much needed call to 
more accurate thinking in this fundamental area of reinforced concrete 
design. He emphasizes the concept of a minimum or criterion length 
for beams. In a similar area the ACI Building Code specifically refers 
to necessary length of bar beyond the point of maximum tensile stress 
and the Joint Committee Specification utilizes this same idea in specify- 
ing end anchorage. Nevertheless, textbooks and current discussions 
generally place very little emphasis on this idea or even ignore it ex- 
cept for anchorage into supports. While proper bond calculations will 
usually indicate where extra end anchorage is needed, the idea of a 
minimum development length (similar to anchorage length and caleu- 
lated in the same manner) is, in the writer’s opinion, a superior tool 
for ordinary use. It should be pushed further into our thinking. 

If only moment is considered, there is danger that bend points in 
continuous beams may be placed much too close to supports. Unit 
bond calculations will not indicate such weakness; the designer must 
have the concept of minimum development length to understand the 
problem. Professor Mylrea’s discussion of the proper procedure should 
be studied carefully by designers. 

Apparently less generally understood is the idea that the ordinary 
unit bond stress calculations are not really indicative of actual bond 
stresses. Wherever tension cracks appear, bond stresses approaching 
the ultimate are sure to result, with or without the presence of external 
shear. These cracks are accompanied by bond conditions not at all 
the same as those in cylinder pull-out tests and not even the same as in 
the present standard beam type test for bond strength. These high 
bond stresses (which cannot be calculated by formula) may be seriously 
lowering our assumed factors of safety. If one must think of the usable 
bond stress as only the difference between large opposing bond stresses 
(as the author indicates in Fig. 6), then the available bond resistance 
in such regions is definitely more limited than currently assumed. Abrams’ 
early tests, to which the author refers, seem to bear out this limited 
capacity for bond resistance in the neighborhood of cracks. Present 
day continuous beam design may well lead to many more cracks in 
regions of large shear than were present in Abrams’ simple beams, and 
this means poorer bond resistance. This condition calls for a re-exami- 
nation of allowable bond values and probably the establishment of 
lower allowable values in regions of large moment (large tension steel 
stress) than elsewhere. This in turn would mean that the needed de- 
velopment length would often be significantly greater than the equiva- 
lent anchorage length. Although all the evidence points in this direction 


*Professor of Civil Engineering, University of Texas, Austin. 
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at the present time, further tests specifically directed to this point 
would be very desirable to establish better numerical values. 


Although the general ideas expressed in this paper seem to be sound 
and need serious consideration, the writer would like to have several 
points further discussed. One of these has to do with the author’s 
assumption that a single set of values can represent the allowable 
(ultimate) bond distribution in a pull-out specimen for concretes varying 
in strength from 2500 psi to 4000 psi. The writer has heard the state- 
ment several times, from men who should know, that bond strength 
does not increase as rapidly as cylinder strength, especially for higher 
strength concretes. If he has ever seen a tabulation of data to prove 
this, he does not recall it. In any event he has not assumed that “higher 
strength” meant simply strengths in excess of 2500 psi. The allowable 
bond stress section of the ACI Building Code would seem to imply a 
regular increase in bond strength for concretes up to 3300 or 4000 psi. 
A tabulation of data relative to this point would be of value. Without 
it, the writer is unwilling to assume that 3500 psi concrete is no better 
than 2500 psi concrete in bond. 


With regard to the calculation of bond for beams in which bars are 
cut off, Professor Mylrea is correct in pointing out that, if bar a is cut 
off where no longer needed for moment, this bar must take care of the 
entire change in moment from the cut-off point to the point of maximum 
moment. However, this does not mean that the stress in a neighboring 
bar remains constant over this length. Undoubtedly the neighboring 
bar loses some stress as it is joined by bar a and then regains this stress 
nearer the point of maximum moment. If this is true, the bond formula 
cannot be used correctly even by substituting the perimeter of bar a 
alone. Such a usage gives only average bond stress on this bar over the 
length rather than maximum stress, with the term average here not 
referring to the complications induced by cracks. 


The anchorage provided by a bent bar appears to the writer to be 
better than the anchorage from a hook. Possibly a measure of this 
advantage lies in the fact that the diagonal bar does carry a tension 
that can be calculated. It would seem that such a bar might well be 
calculated as though anchorage (up to a value of 10,000 psi) started at 
mid-depth of the beam rather than at the bend point. Admittedly 
mid-depth would be rather arbitrary, but it seems in the right direction. 


Finally, the writer must express concern about the statement ‘the 
strength of a given concrete in a beam........ is always greater than 
the cylinder strength’. The author has been careful to modify this 
by the phrase “as computed by a straight line relationship’, which 
indicates that he is entirely clear and correct in his own thinking even 
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if he is abusing the word “strength” as it relates to the beam. He 
understands that the straight line relationships are purely fictitious at 
failure and that any “stresses” or “strength” at failure on this basis is 
merely juggling of numbers. There is no harm in such juggling of 
numbers if statements about them do not deceive others less expert at 
juggling. But many readers either overlook the qualifying phrase 
“as computed by straight line relationships” or else do not understand 
that results obtained in that manner are fictitious. Engineers not 
thoroughly conversant with these matters are beginning to say and 
believe that “‘concrete in the beam is stronger than in the cylinder’; 
and this is sheer nonsense. Writers who understand this situation 
must be more careful to discuss this matter in a way that others cannot 
so easily misunderstand. 


These objections are only to minor points in this paper, which on the 
whole is an excellent one. The author’s statement of the fundamental 
need for more emphasis on minimum development length and léss 
dependence on a formula for bond stress is worthy of more attention 
by those who frame our specifications. The question of effective bond 
strength in regions of large moment also needs to be answered more 
definitely if we are to continue to use our present method of calculating 
bond stress from external shear. Some of our present day designs 
probably have a smaller factor of safety than we suspect. 


AUTHOR'S CLOSURE 


The discussion elicited by this paper indicates that a number of 
engineers have spent the time required to study in detail the ideas 
advanced by the author. This involved no small amount of work on 


their part, and the author feels grateful to them for their suggestive 
comments. 


He strongly agrees with Professor Lash that it is time the dis- 
tinction between ordinary anchorage and special anchorage, which came 
into use shortly after the first World War, be discarded, and a more 
rational approach be brought into general practice. The slightly lower 
values obtained in tests between horizontal and vertical bars could 
readily be taken care of by the permissible bond unit stress. 


As to Professor Ferguson’s question concerning the regular increase 
of permissible bond with increase in concrete strength, a number of 
papers, beginning with those of Withey mentioned in the context, have 
proved that this straight line relation does not hold true. It is true 
that the more recent deformed bars possess superior bond characteristics 
largely because of the bearing of the lugs against the stronger concretes. 
There is still room for investigation on this point. 
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Concerning the question raised by Mr. Van Uchelen, perhaps a slight 
rewording would make the author’s meaning more evident. The author 
intends to imply that in Fig. 8 it is possible for the total tension in the 
outer quarters of the span (by cumulative tension) to equal or exceed 
the tension required by the moment in this region, thus compensating 
for the slight deficiency in bond, with possible slip of the bars, near the 
loads. 

The discussion by Mr. Bjuggren raises the question of why the down- 
ward projecting cantilevers in a cracked concrete beam do not break 
off. The author believes that this is due to the fact that in a -properly 
reinforced beam web reinforcement exists which anchors these projecting 
portions in the tension area firmly to the uncracked concrete above the 
neutral axis. If carried to extremes, the author has found that even 
then the concrete will fail in shear diagonally upward to the very top of 
the beam. Mr. Bjuggren’s emphasis on the dependence of a beam on 
the shearing strength of the concrete is not wholly imaginary. While 
this point may not be extremely important, it is worthy of consideration. 
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SYNOPSIS 


This paper is the second chapter of a series of reports on the Long- 
Time Study of Cement Performance in Concrete. It contains a brief 
description of the manufacturing process of the 27 cements selected 
for this study of concrete durability. The cements are listed by type 
and geographical location of the plants; chemical analyses of the raw 
materials are given and tabulations presented showing the following 
operations: preparation of the kiln feed; burning, cooling and storing 
of clinkers; grinding and storing of the cements. 

Data are given on kiln temperatures, uniformity of the clinker unit 
weights, and cement temperatures. 


INTRODUCTION 


The 27 test cements 

In Chapter 1, the basis for the selection of the cements for this study 
was given, and the geographical distribution of the plants, the coverage 
as to ASTM types and the principal raw materials were indicated. 
In Table 2-1§ the 27 cements are listed with additional information 
concerning their manufacture, including the amount of each cement 
which it was estimated would be required for the entire program. The 
cements are grouped according to present ASTM types. The first digit 
of the cement numbers indicates the type. Six of the cements are air- 
entraining, obtained by grinding flake Vinsol resin with six of the 21 





*Received by the Institute Jan. 15, 1948. 
tAssistant to the Vice President for Research and Development, Portland Cement Association, Chicago. 
{Manager of Research Laboratories, Universal Atlas Cement Co., Buffington, Ind., formerly Senior 
tesearch Chemist, Portland Cement Association, Chicago. 
§All tables and figures are assembled at end of text. 
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parent clinkers. The air-entraining cements are identified by the letter 
T added to the number. 

In selecting the plants for the production of the 21 clinkers, one 
consideration was that in some plants more than one type of cement 
should be produced, in order that direct comparison could be obtained 
between types when made at the same plant and from the same principal 
raw materials. The cements made at the same plants are indicated 
in Table 2-1. 

Observations during manufacture 


The cements were all manufactured between December, 1940 and 
June, 1941. A group of observers from PCA research staff, under the 
supervision of one of the authors (W. C. Hansen) was present in the 
plants during the burning of the clinkers and grinding of the cements. 
No effort was made to control the procedure or depart in any way from 
the standard practice of the plant. The purpose was to collect samples, 
observe operations and to record all possible information concerning 
any manufacturing procedure which might be reflected in the quality 
of the cement. 

In sampling, extreme care was taken to obtain a full cross-section 
of the stream of material so that no errors would be introduced by any 
tendency to size segregation in the stream. Composite samples were 
made up from individual samples taken at regular intervals and 
thoroughly blended before packing. Grab samples were also taken at 
regular and frequent intervals and preserved as individual lots. 

In general, the observations in the plants and the collection of samples 
were continued only for the time required to produce the desired 
quantity of cement with a margin sufficient to provide for flushing 
the grinding mills and conveyors when the cements were ground. In 
one plant (Cements 18 and 18T) complete observations were made for 
31% days during which approximately 18,000 bbl of clinker were accu- 
mulated, cooled and blended, in accordance with the regular procedure 
of the plant. From this clinker approximately 18,000 bbl of cement 
were produced and stored in one large bin. After the cement require- 
ments for this study were packed (1600 bbl) the remaining cement was 
used by the plant in its regular shipments. 


Detailed reports on the manufacture of the cements 


In the tabulations and descriptions in this chapter it is the purpose 
to give details of the materials and the methods of manufacture in 
sufficient completeness for a full understanding of the character of the 
operation and a proper interpretation of data to be submitted in sub- 
sequent reports. Available information not presented here which may 
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later seem necessary in attempting to evaluate the record of performance 
of the different cements will be drawn on as required. 
There are on file in the Research Department of the Portland Cement 


‘ 


Association detailed reports by W. C. Hansen covering the manu- 
facture of each of the 27 cements. These reports are too voluminous 
to reproduce. They will, however, be available for study by qualified 
persons who are interested. They contain complete descriptions of the 
plant and equipment and the detailed procedure followed in all operations 
of the manufacture. They include complete listing and identifications 
of all samples taken and tabulations of individual test results and ob- 
servations. Original charts or photostatic copies showing all kiln 
temperatures recorded during the burning of these clinkers are also on 
file. 

Method of presentation 

In giving the essential details of the manufacture of these test cements, 
tables have been used wherever possible’ to facilitate future reference 
and comparisons and to reduce the repetition that would be necessary 
otherwise. No attempt is made to list all of the pieces of equipment 
or steps by which material is transported or conveyed from one operation 
to another. The reader will understand that drag chains, conveyor 
belts, bucket conveyors, elevators, screw conveyors, pneumatic con- 
veyors or other devices are variously used in cement plants in the 
different stages from the raw materials to the final packing. Therefore 
mention will be made of these operations or devices only where it may 
aid in the presentation or where it seems pertinent to the record. 

In presenting data from observations or plant tests made during 
manufacture, a simple average or a simple average with maximum and 
minimum values is given for the less important series of results. For 
the more important series, a statistical analysis of the results is given 
showing the number of values, the average value, the mean deviation 
from the average, the standard deviation, and the maximum and 
minimum values. 

In the following presentation, wherever it is possible, similar data 
for the entire 27 cements are given in a single table. Where the data 
do not lend themselves to simple parallel presentation, sub-tables are 
used, which for convenience of reference are arranged in order of the 
cement numbers under a general table heading and number. 


RAW MATERIALS AND KILN FEED 


Raw materials 


The raw materials used in the preparation of the 21 clinkers are 
listed in Table 2-2. Each is identified by the cement number and a 
subscript for reference to Table 2-3 where the oxide compositions of the 
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principal materials are given. The analyses for Table 2-3 were furnished 
by the plant laboratories except as indicated in the table where the 
analyses were made in the PCA research laboratory. 


Preparation and control of the kiln feed 


The equipment used and the methods followed in handling the raw 
materials from the quarries or other sources, through the various stages 
of crushing, grinding and blending necessary to the preparation of the 
kiln feed differed materially at the different plants. Table 2-4 presents 
in outline form the successive steps by which the raw material reaches 
the kiln feed bins and shows the principal types of equipment used in 
the various operations. The information is presented in this form to 
emphasize the fact that while the methods and the machinery for the 
production of the raw feed differ the general procedure is essentially 
the same. The raw materials are reduced by crushing and grinding 
to the fineness required for proper combination in the kiln. The streams 
of raw materials are carried through the successive stages of size reduc- 
tion, either separately or in mixtures of approximately the required 
proportions, until at some point or points they can be brought together 
in proportions that will give the desired final composition to the kiln 
feed. The desired composition is determined by the experience of the 
plant with its particular raw materials and the specification require- 
ments of the cement being produced. The proportions of the several 
raw materials or mixtures to be combined are determined by chemical 
analysis of samples obtained at appropriate points in the progress of 
the material through the plant. 

No attempt is made in Table 2-4 to show the points at which samples 
are taken nor to include any detail as to what analyses are made. No 
two plants are alike in these respects but all follow the same general 
pattern. The streams of raw material are subject to frequent or con- 
tinuous sampling and frequent analyses are made by quick methods 
which provide the basis for changing the proportions as required. After 
each bin or basin is filled a composite sample is analyzed so that the ma- 
terial can be drawn from two or more such bins in quantities or at rates to 
give the kiln feed composition desired. This stream or batch of raw 
material may go to mix or correction bins or basins and to storage 
basins, and finally to feed bins or tanks at the kilns. In some cases 
further corrections in composition are made between the blending and 
the kiln feed bins or tanks. In all cases clinker being produced is 
regularly analyzed as a final check on the effectiveness of the control 
methods in obtaining the composition desired. 


Table 2-4 is incomplete in the further respect that no reference is 
made to the means used in the wet process plants for agitating the 
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- slurry in the various tanks or containers.. The means used at the different 
plants for blending the slurry and for preventing segregation included 
agitation either mechanically or by air, or both, the essential require- 
ment in every case being the delivery of slurry to the kilns uniformly 
at the minimum moisture content consistent with the requirements 
of the particular plant. 


BURNING AND COOLING THE CLINKER 
Kilns and their operating characteristics 

The principal charaeteristics of the kilns and their operation and the 
number used for these clinkers at each plant are given in Table 2-5. 
Except as brought out under ‘Irregularities of Operation’, Table 2-6, 
the burning proceeded generally with reasonable uniformity. The 
operation of the kilns in the several plants was in general no different 
from that customary in cement plants. 

Temperature measurements in kilns 

Portable recording pyrometers were installed in the plants not already 
equipped with such instruments to obtain temperatures in at least two 
kilns. In setting these instruments the pyrometers were sighted on 
some point in the kiln which would represent the highest temperature. 
Usually this was on the roof of the kiln at what appeared to be the 
hottest part of the lining or on the body of the clinker itelf at the hottest 
spot. The recorders were adjusted to record the temperature indicated 
simultaneously ‘by an optical pyrometer sighted on the same spot. 
During this operation the flame was shut off for a few seconds if necessary 
to eliminate the dust cloud. The setting of the recorders was occasionally 
checked during the run in this manner. 

Portions of the temperature charts obtained are given in Fig. 2-1 to 
2-11 for one or more kilns in each plant. Since only a small fraction 
of the large footage of charts obtained can be reproduced it is impossible 
to designate any particular portion as strictly typical. However, the 
nearest possible approach to this was attempted. To make the sampling 
as general as possible, charts from one or more kilns in the same plant, 
where possible, were selected to represent the same time periods. In 
reference to these charts, it should be pointed out that the pyrometers 
are very sensitive to dust clouds in the kiln and to the movements of 
clinker into and out of the field of vision, so that not all of the variations 
shown on the charts represent actual variations in temperature of the 
clinker. It should be noted also that the conditions prevailing at the 
different plants with respect to these variable factors were not the 
same. This is brought out clearly by the low temperatures indicated 
on the charts for Cements 14, 24 and 41 (Fig. 2-3 and 2-7), all of which 
were made at the same plant. At this plant the cooler arrangement 
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was such that it was impossible to get an unobstructed sight on the 
clinker or on the kiln lining in the hot zone. This, coupled with the 
large amount of coal dust in the flame made the readings with the 
optical pyrometer and the recording instruments considerably below 
the actual temperatures. 

The kiln temperatures obtained by the occasional readings with the 
optical pyrometer, which were taken principally as a check on the 
setting of the temperature recorders are shown in Table 2-7. The data 
include the mean temperatures as well as the maximum and minimum 
values. 


Clinker cooling 

In Table 2-8 the types of coolers used are given together with notes 
as to the use of water on the clinker for cooling purposes. The condition 
of storage and the elapsed time between the burning and grinding of 
the clinker are also shown. 


Liter weight tests of clinker samples 

In planning the observations to be made during manufacture it was 
considered of first importance to have some tests designed to show 
variations in the degree of burning. What was desired particularly 
was some test which could be made in the plant to supplement the 
chemical test for free CaO, the microscopic examination of the clinker, 
and other tests to be made later in the laboratory. For this purpose, 
a procedure used in a number of cement plants was adopted which 
shows variations in the density of the clinker and thus reflects changes 
in the burning conditions. This test, referred to as the “liter weight 
test’”’*, consists in the determination of the weight of clinker samples 
screened to uniform size. The procedure in the test is to allow the 
sized clinker to fall through a prescribed distance into a vessel of 1000 
ml capacity in the form of a frustum of a cone (small end up). The 
weight of the sized clinker in the vessel when level full is recorded as 
the liter weight. When the procedure is strictly the same, and when 
the raw mix composition is uniform, the variations in liter weight during 
the burning of a given clinker are significant of changes in clinker 
characteristics, but from plant to plant, differences in liter weight can- 
not be interpreted in terms of differences in quality. 

In all of the plants the practice was followed during the production 
of these cements of taking grab samples at regular intervals, usually 
30 minutes to one hour for each kiln. These were taken at the discharge 
of either the kiln or cooler. Portions of these samples were preserved 
in sealed metal containers for free lime determinations, petrographic 
examinations, and other tests and special studies. Other portions were 


*Anselm, W., Zement, V. 25, No. 38, pp. 633-44 (1936). 
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screened between the 3%-in. and No. 4 sieves and the liter weights de- 
termined as described above. The statistical data from these tests are 
shown in Table 2-9. 

At the time of grinding, additional samples of clinker were taken, 
again at regular intervals, at some point to represent the product going 
to the grinding mills. In most cases, as will be seen from other parts 
of this chapter, there was considerable blending of the clinker between 
burning and grinding so that a comparison of liter weights of the blended 
clinker and the original unit weights is of interest. This comparison 
is provided by Table 2-9 where the statistical data for the blended 
clinker are included with those for the original kiln products. 

In some cases, as noted in the table, the two sets of liter weight tests 
were made at different times and with different equipment so that the 
mean liter weights of the two sets are not in agreement but the essential 
value of the data in showing the greater uniformity after blending is not 
lost. 

Sieve analyses of clinkers 


Partly to record the size range of the clinker but mainly to provide 
a basis for determining if there is any breakdown of clinker over a long 
period of storage, sieve analyses were made of certain designated grab 
samples of clinker which will be preserved for this purpose. The number 
of samples in each case and the average sieve analyses are shown in 
Table 2-10. 


GRINDING AND STORAGE OF CEMENT 
Grinding of the clinkers 


In Table 2-11 is assembled the principal information on the equip- 
ment used and the sequence of the operations in grinding the cements. 
The grinding operations and equipment in the different plants differed 
considerably but did not represent wide departures from the usual 
American cement plant practice. Only in the case of one cement (18T) 
was there any departure from the regular practice of the plant. This 
cement, which represented only 450 bbl ground from a lot of 18,000 
bbl of clinker, was ground a second time, as shown in Table 2-11. The 
physical tests on this air-entraining cement made by the plant after 
the initial grinding indicated that it did not give the desired amount 
of air in concrete and it was therefore reground in a small pilot plant 
tube mill. 


During the grinding, cement temperatures were determined; some- 
times from thermocouples or thermometers in the cement stream at 
some convenient point near the discharge from the finishing mill or 
separator, and sometimes from a thermometer inserted in a 5-gal. sample 
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of the cement taken directly from the stream. The averages of these 
temperature readings are given in Table 2-12 together with the maximum 
and minimum values observed. 

Storage and shipment of cements 

The manufacture of the cements was started in December, 1940 and 
completed in June, 1941. With the principal projects scheduled for 
construction in 1941 it was planned to hold the cements in the original 
bins until shipments to the projects were required. Anticipating that 
there might be some delays in constructing the projects, the use of 6-ply 
asphalt-lined paper bags for shipping the cements was decided upon as a 
precaution in case it was necessary to hold the cement some time after 
sacking. This proved to be a fortunate decision, for after many of the 
cements had been sacked for shipment to the New York test road the 
building of this pavement was deferred until 1942. Hence many of the 
cements for this job remained in sack storage at the plants for a full 
year. 

As a result of the delay in the New York road project and the prospect 
of other delays, 125 bbl of each cement were packed in steel drums in 
the summer or fall of 1942 to be held for construction of other projects 
which might be deferred. 

An important feature in the plans for packing the cements was the 
arrangement for filling 100 steel drums with each cement to be held 
indefinitely as a reserve supply for future tests. The scheme which 
was followed with few exceptions was to fill, when sacking the cements 
for shipment to the major projects, a sufficient number of cloth sacks 
to provide the 100 bbl of each required. These cloth sacks were inter- 
spersed with the paper bags at the sacking machine so that their com- 
bined contents represented a true cross-section of virtually the entire 
supply. In transferring the cement to the steel drums the cloth sacks 
were emptied in rotation, in the same order as filled, the contents of 
each being distributed to several drums until all drums were filled, also 
in rotation. 

The dates of the packing and shipping to the road projects and packing 
in steel drums are shown in Table 2-13. The cement for the Illinois 
experimental farm and for the piles made near Chicago for exposure at 
Cape Cod Canal and Hudson River were packed and shipped to Mexico, 
Missouri with the cement for the Missouri test road and reshipped from 
there. Similarly the cements for the Georgia experimental farm and 
for the test piles at St. Augustine were shipped to Greensville, S. C. 
with the cement for the South Carolina test road. The cements for 
Florence Lake Dam repairs and for most of the specimens for sulfate 
exposure at Sacramento were shipped with the cements for the New 
York test road and reshipped to these projects. 
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The cements for the piles for exposure at Newport Beach, Calif. 
(7 cements only) were shipped in 6-ply asphalt-lined paper bags directly 
from the plants to Los Angeles in July, 1942. Those for the Green 
Mountain Dam parapet walls were shipped directly from the plants to 
the damsite in steel drums in April, 1943. 
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TABLE 2-1—LIST OF CEMENTS 


Corresponding to ASTM Type I 


Corresponding to ASTM Type II 


Cement 

No. Geographic location of plant 
11 Bee Se eae 
11T | From same clinker as 11..... 
12(a) | Lehigh Valley.............. 
12T | From same clinker as 12..... 
13 Southeastern U.8........... 
14(b) | Southeastern U.S.......... 
15 MIN Ree ete es ign 
16 Cup ea See 
16T | From same clinker as 16..... 
17 fe ee ee 
18 Midwestern U.S......... 
18T From same clinker as 18 
21 pauson VaAHey............. 
21T From same clinker as 21..... 


22(a) PS a 
23 | Southeastern U.S........ 
24(b) Southeastern U.8....... 
25(c) Midwestern U. S.. 





31(a) | Lehigh Valley........... 
33(c) | Midwestern U.S............ 
33T From same clinker as 33..... 


34(d) | West coast.............. 








41(b) Southeastern U.S........... 
42(d) West coast..... 

43(e) | West coast 

43A(e)| West coast 








51 ee Southeastern U. S.. 2) RS Se 


Fuel 


Coal 


Coal 


Coal 
Coal 


Nat. gas 


Coal 
Coal 


Coal 


Coal 


Coal 
Coal 
Coal 


* Coal 


Corresponding to ASTM Type III 


Coal 
Coal 


Ou 


Corresponding to ASTM Type IV 


Coal 
Oil 
Oil 


Corresponding to ASTM Type V 
Oo: BP ~ Coal — 


Total estimated requirement—37,050 


(a) Cements 12, 22 and 31 made at same plant. 
(b) Cements 14, 24 and 41 made at same plant. 
(c) Cements 25 and 33 made from same major raw materials. 


(d) Cements 34 and 42 made at same plant. 
(e) Cements 43 and 43A made at same plant. 
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Process 


Dry 
Dry 
Wet 
Wet 
Wet 
Wet 


Wet 
Dry 


Dry 


Dry 


, Wet 


Wet 
Wet 


Dry 
Wet 
Wet 
Wet 


Wet 
Wet 


Dry 





March 1948 


Est. 
req. bbl. 


1600 

450 
1900 
1900 
1300 
1300 
1300 
1900 
1900 
1300 
1600 

450 


1900 
1900 
1300 
1300 
1300 
1300 


1300 
1600 

450 
1300 


1300 
1300 
1300 
1300 


1300 
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TABLE 2-2—RAW MATERIALS 


For analyses see Table 2-3. 


Cement 
No. 


— 
2 


DO ON NO 
J 


—_ 
~ 


16T 


_ 


—o 
ns 


18ST 


31 
33 
33T 
34 


41 
42 
43 
43A 


51 


Principal raw materials 


Type I cement 
High lime cement rock (11a), low lime cement rock (11b) and small amount 
clay 
Limestone (22a) and cement rock (12a) 


Limestone (13a to 13h), Fuller’s earth (131), kaolin (13j), sand (13k)- 
Limestone (14a), sand (14b) and ore washings (14c) 

Soft limestone (15a), hard limestone (15b), cement rock (15c) and clay (15d) 
Limestone (16a), sandstone (16b), clay (16c) and mill scale (16d) 


Limestone (17a) and shale (17b) . 
Limestone (18a), granulated blast furnace slag (18b), sand and mill scale 
Type II cement 
Limestone, three grades (21a), (21b) and (21c) and shale (21d) 
Limestone (22a), cement rock (22b) and pyrite cinders 
Marl (23a) and clay (23b) 
Same raw materials as Cement 14 
Limestone (33a), limestone (33b), shale (33c) and loess (33d) 
Type III cement 
Same as for Cements 12 and 12T 
Limestone (33a), limestone (33b), shale (33c) and loess (33d) 
Same raw materials as Cement 42 
Type IV cement 
Same raw materials as Cements 14 and 24 
Limestone (42a), limestone and shale (42b) and quartzite (42c) 
Sea shells and clay (unwashed dredgings) (43a), pyrite cinders (43b) 
Sea shells and clay (washed dredgings) (same material as 43a after washing) 
and shaley sandstone (43c) small amount CaC/? 
Type V cement 


Limestone (51a), cherty limestone (51b), shale (5le) and pyrite cinders (51d) 








564 


Raw > 


material | 


desig- 
nation 





lla 


lla* 
llb 


1llb* 
12a 


13a 
13b 
13¢ 
13d 
13e 
13f 

13g 
13h 
13i 

13} 

13k 


l4a 


14b 
l4c 


l5a 
15b 
15e 


15d 


16a* 
16b 
l6c 
16d 


17a 
17b 


18a 
18b 
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TABLE 2-3—OXIDE COMPOSITION OF RAW MATERIALS 


Type 


| Cement rock 


Cement rock 


| Cement rock 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Fuller’s earth 
Kaolin 
Sand 


Limestone 


Sand 
Ore washings 


Soft limestone 
Hard limestone 
Cement rock 
Clay 


Limestone 
Sandstone 
Clay 

Mill seale 


Limestone 
| Shale 


Limestone 


Slagt 


SiO, | AlO; | FeO; | CaO 
8.3 to 1.8to|! O.8to | 42.2 to 
10.5 4.1 1.4 45.7 
8.1 2.3 1.0 46.2 
11.0 to 3.6to} 1.3to | 40.7 to 
14.9 | 5:7 1.88 43.6 
14.2 4.8 1.6 40.2 
21.0 to 6.3 to 2.4 to | 63.9 to 
22.4 6.8 2.6 64.8 
23.6 3.4 6 37.4 
5.6 10; 0.5 50.7 
21.1 eS 1.0 41.3 
1.8 0.8 0.7 53.4 
3.2 ‘2 0.7 52.4 
2.0 0.8 0.6 53.4 
1.2 0.5 0.4 54.0 
3.7 1.4 0.7 51.3 
| 40.6 | 10.2 3.4 22.3 
| 47. 36.3 ea . a 
89.7 2.4 0.7 0.6 
4.2to 2.3 to 0.6 to | 43.8 to 
} 2 4.6 2.2 50.4 
93.2 3.9 0.9 
44.2 9.6 38.5 
12.6 3.5 ae 13.9 
6.1 2.7 1.4 48.1 
13.4 3.5 rs 42.9 
43.9 10.3 5.2 19.3 
i 0.5 0.7 52.8 
| 76.6 5.3 3.1 4.7 
: os 4.3 4.5 0.9 
(es|sentially |pure iron) oxide) 
oP ae Se 1.6 48.8 
60.0 13.3 5.9 6.9 
2.6 0.3 0.3 52.5 
37 :8 11.4 1.0 46.1 


Ign. 
MgO Loss 
+ 
+ 

2.3 to 

3.4 

2.8 38.6 
2.0 to 

2.3 

2.8 34.2 
2.0 to Igd. 
2.4 

32.7 

0.8 ‘i .2 
0.6 34.1 
0.4 42.8 
0.5 42.2 
0.4 42.9 
0.6 43.2 
0.8 42.0 
1.4 22.4 
0.2 13.6 
0.7 5.9 
1.8 to | 35.7 to 
2.8 4).5 
1.6 

7.3 

1.0 

0.9 

1.0 

1.0 

1.0 42.8 
Be 6.6 
1.2 8.0 
0.7 

0.7 

1.3 42.7 
2.0 
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TABLE 2-3—OXIDE COMPOSITION OF RAW MATERIALS (Concluded) , 


Raw 

material Ign. ; 

desig- Type S102 Al,O; "eos CaO MgO Loss 
nation t ; 
21a Limestone 4.8 1.2 2.1 50.5 0.7 : 
21b Limestone 16.9 2.7 1.5 42.9 1.0 - 4 
21e Limestone 50.2 7.6 4.0 19.1 1.5 

21d Shale 64.3 15.8 1.0 3.5 2.9 6.1 
; 
22a Limestone 15.4 to 1.9to| 0.7 to! 70.7to| 2.6 to Igd i 

19.8 3.2 1.3 77.5 3.9 

22a* 20.4 2.1 1.2 70.7 5.0 Igd 
22b Cement rock 23.0to; 3.6to! 1.6to | 58.5to; 2.4 to Igd ; 
29.0 1.8 2.2 | 64.2 6.3 

22b* 20.9 7.2 2.8 64.1 3.3 Igd 
23a* Marl 6.0 0.6 2.3 49.1 0.4 10.4 ti 
23b* Clay 57.4 15.3 6.8 1.1 0.9 13.3 ’ { 
' 
33a Limestone 0.1 0.3 0.2 55.4 0.2 43.2 i 
33b Limestone 4.5 0.5 1.6 35.0 14.9 44.0 
33¢ Shale 63.0 20.0 5.5 0.7 2.4 6.0 : 
33d Loess 75.9 12.0 3.7 1.5 1.4 4.6 | 
42a* Limestone 1.2 0.2 0.4 53.4 1.3 43.4 
42b* Limestone, shale 1.8 0.4 0.8 51.9 2.4 41.8 ' 
12¢* Quartzite 97 .6 0.8 1.0 0.1 0 0.1 
13a * Sea shells and clay 15.8 4.2 2.7 39.23 1.2 33.8 } 
(unwashed) | 
43a* Sea shells and clay 1.5 0.4 | .2 52.28 0.7 41.8 | 
(washed) 1 

13b* Pyrite cinders 6.3 2.1 86.7 0.02 0.1 2.6 
43c* Shaley sandstone 92.5 2.7 2.3 Trace 0.4 1.2 : 

5la* Limestone 1.9 0.2 1.0 53.37 0.5 41.5 
5ib* Cherty limestone 39.5 1.4 0.9 30.9 0.9 25 | 

5le* Shale 53.8 18.9 i 3.2 2:2 8.2 

51d* Pyrite cinders 13.0 3.8 67.5 1.4 1.5 8.1 


*Analyses by PCA laboratory, others by plant laboratories. ' 
tSlag contains also 0.8 percent MnO and 1.4 percent S. ’ 
tAll analyses which include ignition loss values represent the composition of the unignited samples at 

the time analyses were made. 

Analyses marked ‘‘Igd.’’ in the Ign. Loss column were calculated to the ignited basis. 

All other analyses are on the unignited basis but the ignition losses were not determined. 
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LONG-TIME STUDY OF CEMENT PERFROMANCE 571 ’ 
, 
TABLE 2-5—KILN CHARACTERISTICS 
Kiln ; ; 
Ce- Wet No. and size of kilns in feed Kiln Waste | Dust* ; 
ment or use for the manufacture of Fuel | geared | control heat re- : 
No. | dry these cements to kiln boilers | turned ; 
drive 4 
11 Dry 6 1 120’ x 9 (Kiln 1) Coal Yes | Manual Yes Yes 4 
1iT oS: ranean } 
12 Dry | 10 125’ x 7.5’ tapered Coal Yes |Automatic No Yes 
12T to 7’ at nose Yes % 
22 } No 
31 Yes 
13 Wet | 2 175’ x 10’ | Coal Yes | Manual | Yes No : 
} 
14 Wet 2 34334’ x 11144’ x 10’; | Coal | Yes | Manual | No No 
24 Kiln 1 used in Ce- | 
ment 14, Kiln 2 in a] 
24 & 41 | 
15 Wet | 220’ long, 10’ diam. | Nat. No Manual No No 
for 64’ then 9’ (jas | 
diam. Chains. | 
16 Wet 3 180’ x 8’. Chains. | Coal | Yes Manual No No a 
16T : 
a ‘ ! 
17 Wet 2 235’ x 10’. Chains. | Coal No | Manual No No a 
18 Drv 6 1 155’ x 10’ Coal Yes Manual Yes Yes 
IST 5 155’ long, 10’ diam. q 
for 52’; tapered to } 
8’, diam. in 26’. | 
2) Dry 3 220’ x 12’ Cou) Yes Manual No | No 
21 : 
| | 
23 Wet 3 219’ x 9 in lower 4, | Coal Yes Manual No No 1 
8’ in upper 44 } 
25 Wet 3 240’ x 11'3” x 10° Coul Yes Vianual No No A 
33 | Wet | Sif x i193" Coal No Manual No | No 4 
33T 
» : 
34 Wet | 200' x. Chains Qi! Ye \Vianual No No 
42 
3 Wet » 2 g@ee Sikes sie Oil Ye \ianual No No 
IA 1 235’ lO’ x 
5) Dry Sf Te xi x7’ Coal Ye Manual Yes | Yes 
2 125'x 9 | 
*Dust returned for Cements 18 and IST—25 percent of kiln feed; for others only small amounts } 
’ 
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TABLE 2-6—IRREGULARITIES IN KILN OPERATION 


Cement 
. Notes on irregularity 

No. ) m irregulari 
11,11T | None of the six kilns were stopped at any time but between 6:30 and 7:30 
February 23, blowing down of waste heat boiler made Kiln 1 act ab 

normally, discharging pieces 2-3 in. in diam. The kilns mostly free from ring 


12, 12T In making clinker for 12 and 12T all ten kilns operated without interruptior 
22, 31 except Kiln 1 stopped for 25 minutes to replace broken gear shaft 


In making clinker 22, coal feed to Kiln 1 appeared to be somewhat erratic 
The coal bin for this kiln is at the end of serew conveyor. The operator 
usually allowed the automatic equipment to operate the kiln but part. of 
the time adjusted kiln speed and coal feed to obtain desired performance 

Kiln 3 was stopped for 5 min. while bolts in the drive were tightened and 

Kiln 7 was stopped 15 min. for repairs to coal feeder 

For Cement 31 the 10 kilns operated smoothly without interruption 


13 At 11:00 p.m., February 9, Kiln 2 was stopped to remove some clinker ball 
from the grate over clinker pit. The balls appeared to have been due to 
an excessively high temperature at 10:30 which caused some stripping 
of the lining. At all times the temperature seemed to be at about upper 
limit for the kiln lining, as in many of the samples pieces of clinker had 
cores of lining material although the total amount of ring material in the 
clinker was very small. Clinker was mostly below 1 in. in size. 


24 Cersent 14—There were some irregularities in eed for a brief period when 
the ferris wheel failed to obtain full loads of slurry. This resulted in high 
temperature and high liter weight of clinker. The kiln was stopped for 
a few minutes on two occasions for repairs to revolution counter. There 
was « tendency for bricks over the front tire of the kiln to break off and 
be discharged with the clinker. The large pieces were picked out. 

Cement 24—Variable feed made smooth operation of kiln difficult. When 


kiln load lightened, the clinker tended to form balls 4-5 in. indiam. Because 
of high iron content there seemed to be a very narrow range of temperature 
in which clinker could be burned satisfactorily without excessive balling 
There was some sloughing of the kiln coating which had been built up 
with Type I cement and which was therefore not in equilibrium with 
Type II clinker. There were no other irregularities 


Cement 41—Burning of this clinker followed immediately that of 24 \ 
this was the first Type IV clinker produced at this plant and because it 
fused easily it required some time for the kiln operator to establish the 
temperature at which excessive balling oceurred. The clinker produced 
at first was burned at lower temperature than that produced for most of 
the run. 


15 Pieces of a fairly large clinker ring near the front of the kiln dropped 
occasionally into the clinker stream. This ring material was broken 
appreciably in the cooler and all of it was collected with the clinker 
The kiln operated continuously except for one 5-min. stop. For one S-hr 
period there was some slight stripping of the kiln lining 


16, 16T | The kilns all tended to build up rings back of firing zone. These rings loosened 
and dropped once or twice in every 24 hrs. This ring material broke 
up well and only the large pieces caught on the grate which were under 
burned were rejected 


17 Kilns operated continuously without shutdown. There was a slight tendenc, 
to form rings and a small amount of this ring material occasionally dropped 
and remained in the clinker stream. One kiln had been newly equipped 


with chains and operators had not become familiar with its behavior so 
that more variations in temperature were noted than in the other kiln 
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TABLE 2-6—IRREGULARITIES IN KILN OPERATION (Concluded) 
— Notes on irregularity 


18, IST | There was a tendency for all kilns to form rings both in the rear and at the 
nose. These fell occasionally in pieces up to 10 in. in diam. The material 
was not separated from the clinker as it did not represent a large per- 
centage and because this is the normal procedure for this plant. In 319 
days in the production of 18,000 bbl of clinker there were in the 6 kilns 
a total of 31 shutdowns of from 5 to 60 min, from various causes, such 
as for repairs, conveyor trouble, or removing of rings. 


21,21T | Kiln 2 had been in operation for 2 days when production of these clinkers 
began. The temperature in this kiln varied more than in the other two, 
\ broken roller in this kiln caused 3 short shutdowns during the 24 hr. 
of production of this clinker. Kiln 3 operated normally except for 2 hr. 
when a ring formed in the rear, holding back the feed with a consequent 
rise in temperature. When the ring dropped the temperature fell from 
about 2800 to 2630 F. This ring material was not separated from the 
clinker. Kiln 1 operated normally but the production could not be main- 
tained as high for the other two. Three clinkers 8 in. in diam. were re- 
moved and diverted from the clinker stream. This is the normal procedure 
at this plant. 


23 Kilns 1 and 3 operated smoothly but rings tended to form at the end of 
the burning zone, requiring a change in firing and feeding until the rings 
dropped and the material passed out with the clinker, On Kiln 2 the 
feeder chain broke at the start causing the feed pipe to plug up and erratic 
operation until full load was restored. The kiln then operated normally 
for about 7 hr. when a tire broke and the kiln was eut off. 


25 All three kilns operated continuously and in all rings tended to form, backing 
up the kiln feed. Occasionally when the rings dropped the backed-up 
kiln feed would flood through the kiln without being well-burned. The 
ring material came through in large pieces but was not segregated from 
the clinker as it represented only a very small percentage. 


33, 33T | Starting at 8 p.m., January 19, and continuing until 3 p.m. January 22, all 
of the clinker produced was collected for these 2 cements except that 
produced during the periods 3 a.m. to 7:30 a.m., 9 a.m. to 10 a.m., and 
2:20 to 5:55 pam. on January 20 when, on account of uneven feeding 
due to overly moist coal, the clinker was improperly burned. The clinker 
had a tendency to ball up and to strip the kiln lining as the temperature 
went up. At times some of the clinkers were 2 or 3 in. in diam. Also 
some clinkers dusted due to cores of lining material. 


34, 42 The kiln operated smoothly and produced a aniformly sized clinker for both 
cements 34 and 42, There was almost no tendency for the clinker to 
ball up or to form rings or to remove lining from the kiln. 


143,43A For Cement 43, Kilns 1, 2 and 4 were used. They operated uniformly 
and continuously with a tendeney for the clinker to ball up and strip 
lining from the kilns but the clinker showed no tendency to dust. An 
appreciable amount of large clinker was produced, The product of Kiln 
2 was diverted from the supply for Cement 43 for the last half of the run 
because this kiln dropped a ring at this time. 


For Cement 43A, Wilns 1, 3 and 4 were used. They all operated uniformly 
and continuously and showed no tendency for the clinker to ball up and 
only a few pieces were greater than 2 in. in diam. There was also no 
tendency to strip lining from the kilns but a noticeable dusting of the 
clinker, 


i All 5 kilns operated smoothly and continuously except for a few minutes 
shutdown on Kiln 1 on account of lack of draft resulting from a buildup 
of dust in the rear housing of the kiln. 
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TABLE 2-7—KILN TEMPERATURES BY OPTICAL PYROMETER 


Cement 


11-11T 


12-12T 


14 
15 


16-16T 


18-18T 


21-21T 


Kiln 


a 
BPwOOOCOe wh 


One 





No. 
| readings 


10 
10 
1] 

9 
10 
10 


Cr gningrgn in gn én on wn 


_ nw —t fmt 
a — ww 


we Se 


16 


Av. 


2569 
2635 
2596 
2650 
2650 
2644 


2774 
2766 
2777 
2772 
2780 
2726 
2752 
2772 
2786 
2774 


2820 
2800 


2390 
2850 


2517 
2586 
2594 


2735 
2745 


2723 
2705 
2720 
2709 
2708 
2722 


| 

| 2785 
| 2750 
2750 


No Data | 


Max. 


2650 
2700 
2710 
2760 
2720 
2690 


2850 
2790 
2820 
2790 
2840 
2780 
2770 
2820 
2800 
2810 


2860 
2890 


2530 
2880 


2630 
2670 
2670 


2830 
2790 


2795 
2760 
2780 
2828 
2780 
2770 


2790 


March 1948 


Min. 


2450 
2560 
2410 
2500 
2610 
2550 


2730 
2730 
2755 
2760 
2710 
2700 
2730 
2720 
2770 
2730 


2780 
2590 


2300 
2810 


2450 
2450 
2520 


2660 
2690 


2665 
2540 
2663 
2600 
2610 
2640 


2780 
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TABLE 2-7—KILN TEMPERATURES BY OPTICAL PYROMETER (Concluded) 


Cement 


23 


25 


31 


33 obs. 


Micromax | 


34 
41 
42 
43 


43A 


No. 
Kiln readings 

l 12 

2 7 
3 12 

l 12 

l 12 

2 12 
3 12 
(10kilns) | 20 
28 

28 


Av. 
2670 
2570 
2660 
2090 
2387 
2408 
2422 
2807 


2457 
2475 


No optical pyro|meter read|ings 


1 11 


_~o- -~o— 


pogegegeco NINES] sasasy 


Sad ee 


1920 
2720 


2624 
2591 
2644 


2661 
2666 
2641 


2692 
2680 
2683 
2673 
2676 


Max. 


2730 
2670 
2770 


2350 


2470 
2470 
2540 


2860 


2610 
2640 


1990 
2780 


2690 
2690 
2730 


2720 
2810 
2730 


2720 
2750 
2740 
2740 
2720 


Min. 


2620 
2280 
2600 


1900 


2270 
2270 
2350 


2710 


2320 
2290 


1840 
2600 


2510 
2520 
2560 


2600 
2590 
2530 


2660 
2600 
2640 
2570 
2640 








Cement 
No. | 
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Cooler or conveyor into which clinker passes 
after disc harge from kiln 


A bucket conveyor where it is ‘sprayed with water, 
11T clinker no longer red (except particles above ! in.) 
when leaving conveyor where it is again sprayed 

with water. 


12 The boot of an elevator which is sprayed with a 
12T small amount of water. Goes to upright coolers 
22 | where it is cooled by an air stream. 

31 

13 A pit from which it is elevated to the storage yard. 


The elevator and the clinker are lightly sprayed 
to protect the buckets and the wall against which 
the clinker falls. After a pile is accumulated it 
is sprayed with a hose and moved by crane to 
another part of storage space. 


14 Through ports into a cooler of the multi-evlinder 
24 type (double row) attached to and revolving with 
41 the kiln shell. Clinker passes through 15 ft of 


cooler space between burning zone and discharge 
ports and is of dull red color as it enters first 
series of coolers. From the second series of 
coolers clinker goes to an oscillating conveyor 
and to an open concrete-lined pit where it has a 
temperature of about 400 F. In rainy weather 
clinker in pit may be soaked for a short period. 
This occurred for small amount of clinker 14 with 
more for 24 and 41. From this pit by crane to 
storage vard. 


15 An air-quenching cooler of the traveling grate type. 


Clinker leaves cooler at temperature generally 
below 200 F. Transported by drag chain to 
storage building. Moved by crane from point of 


deposit. 
16 For Kilns 1 and 5 into coolers with inclined grates 
16T through which air is drawn. Kiln 3 has station- 


ary grate cooler. From these three coolers clinker 
goes to a rotary cooler, shell of which may be 
sprayed with water. 


17 Cold air is forced through the bed of clinker just 
before it discharges from the kiln into rotary 
coolers. Clinker temperature is below 1000 F. 
as it enters rotary cooler and 150-200 F. at dis- 
charge. A light spray of water is applied to the 
cold end of cooler with almost none coming in 
contact with the clinker. 
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TABLE 2-8—CLINKER COOLING AND STORAGE 


Clinker storage 


Open storage on 


ground. Picked up 
and repiled. In 


storage 2-3 days. 


No _ storage. From 
coolers directly to 
mill bins, or into a 
surge bin. 


Storage in a_ roofed 
shed with open sides. 
Usually moved once 
or twice. 


Storage under roof on 
dirt floor with no 
side enclosures. Dry 
and wet clinker 
mixed here. Moved 
once to permit cool- 
ing. Stored about 
one week. 


Storage roofed over 
but open at sides. 
Stored about one 
day. 


No storage. Clinker 
in mill feed bins or 
clinker silo only a 
few hours _ before 
grinding. 


No storage. Clinker 
is in surge bin or 
mill feed bins less 
than one hour. 














' 
' 














Cement 
No. 


18 
IST 
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TABLE 2-8—CLINKER COOLING AND STORAGE (Concluded) 


Cooler or conveyor into which clinker passes 
after discharge from kiln 


Boot of an elevator which deposits clinker in an 
open storage yard having a concrete floor. Water 
sprayed on buckets. Some comes in contact with 


clinker. Clinker spread over storage yard by 
electric cranes. Large pieces still red on outside 
pile. Repiled in yard to further cool. 


{otary coolers 10ft by 78 ft long. From coolers to 
rolls which are sprayed with water, some coming 
in contact with clinker which is at 1000 to 1400 
F. From rolls to agitator 614 by 80 ft. 


\ rotary cooler 7 ft diam. x 75 ft long. The 3 
coolers discharge onto an oscillating conveyor, 
then elevated and conveyed to concrete clinker 


silo. 


fotary cooler 7 ft diam. x 63 ft long, then by bucket 
conveyor to a perforated pan conveyor and thru 
a tunnel where it is further cooled by air stream. 
Clinker from Kilns 1 and 2 passes thru one 
tunnel and is joined in storage tanks by clinker 
from Kiln 3 similarly cooled. 


Thru ports into multi-cylinder cooler (single row) 
attached to and rotating with the kiln shell. 
From here clinker goes by oscillating conveyor to 
a conveyor system discharging into silos. 
Temperature of clinker at this discharge 200 to 
100 F. 


Rotary cooler 8 ft diam. x 60 ft. Discharging at 
approximately 200 F. into scale bucket.  Ele- 
vated and deposited into clinker pit, where it is 
moved from one side of pit to other. No water 
added intentionally. 


fotary coolers 8 ft diam. x 70 ft long. Clinker over 
2 in. crushed and returned to cooler. Clinker 
sprayed lightly with water in cooler to cool it to 
200 to 250 F. 


Boot of an elevator where it is sprayed with small 
stream of water, elevated to 2 upright coolers 
where it is again sprayed to cool below a red heat. 
Drawn from coolers gradually and stored on 
floor of clinker storage shed. 


Clinker storage 
Open storage. Clinker 
stored 18 days in 
which there were 6 
days of light rain- 
fall and one of snow- 
fall. 
On concrete floor in 
enclosed building. 
tepiled once and 
ground after 70 hr. 


In clinker silo. Grind- 
ing complete within 
2 hr. after comple- 
tion of burning. 


Clinker was run alter- 
nately into 2 mill 
tanks. Grinding pro- 
ceeded only a few 
hours behind burn- 
ing. 


In silo until ground. 
Storage period 8 
days. 


Concrete-lined open 
pit. Clinker 34 
stored from 0 to 24% 
days. Clinker 42 
from 0 to 1 day. 
Light rain 3 hr. 

Clinker goes directly 
from cooler to tube 
mill bins. Storage 
0 to 10 hr. 


In covered storage, 14 
hr. between com- 
pletion of burning 
and beginning of 
grinding. 
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the clinker at the time of grinding. 
regular intervals to provide a fair statistical sampling. 
per liter for clinker screened through a 3%-in. and caught on a No. 4 sieve. 
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TABLE 2-9—LITER WEIGHTS OF CLINKERS 


For each cement, liter weights are shown for clinker from the separate kilns and for 


value is average of three determinations. 


Kiln 
No. 


NO Cr Ne 


SCONOCISF WN 


— 
-_, 
— 


— 


One kiln 


One kiln 





Sample No. 
interval, of Av. Mean Std. 
hours samples wt. dev. dev 


Cement 11-11T 


Samples taken at kiln discharge 


ly 60 1552 25 34 
2 15 1461 93 127 
2 15 1386 108 150 
ly, 60 1471 16} 54 
2 15 1411 52 71 
2 15 1496 34 16 
Average 1463 
During grinding 14 1432 13 ) 
Cement 12-12T—Samples taken from kiln at no 
2 12 1391 55 66 
2 12 1386 1) 15 
I ? 19 1355 s 14 
2 12 1424 39 17 
2 12 1329 42 19 
2 1] 1378 30 37 
2 1] 1419 58 65 
2 12 1383 34 1] 
Vy 19 1376 12 1) 
2 12 1358 39 17 
Average 1380 
During grinding 
Cement 12 10 1383 17 IS 
Cement 12 T 1] 1362 17 25 
Cement 13—Samples taken at kiln discharge 
\4 97 1375 24 29 
ls O8 1389 25 30 
Average 1382 
During grinding 10 1323 | 5 


Cement 14—-Samples t 
4 109 
During grinding 19 

Cement 15—Samples t 
\ 96 


‘ 


During grinding 25 


aken at cooler discharge 
1430 SO Q9 
1432 8 i) 

aken at cooler discharge 
1440 15 21 


1440 t 6 


March 1948 


Max. 


1600 
1579 
1517 
1532 
1479 


L558 


1407 
1404 


1336 


1613 


1451 


1526 


1461 


In both cases, grab samples were used, taken at 
Liter weights shown in grams 
Each 


Min 


1415 
1093 
1007 

323 
1198 


1365 


1415 


1319 


1153 


1417 


1350 


1430 
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TABLE 2-9—LITER WEIGHTS OF CLINKERS (Cont'd.) 


Sample No. 
Kiln interval, of Av. Mean Std. Max. Min. 
No. hours samples wt. dev. dev. 


Cement 16-16T—Samples taken at kiln discharge (Kilns 1 and 5) 


l } l4 115 1337 85 104 1530 1017 
3 lg 113 1319 14 58 1492 1185 
5 l 52 1341 83 100 1505 1121 
(Average 1332 
(Note: Kiln 3 sampled at cooler discharge. Cooler on this kiln gives 
some blending. Clinker ground as produced. No samples during grind- 
ing 


Cement 17 Samples taken at cooler discharge 


2 ly 10) 1381 }2 53 147) 1237 
3 10 1429 33 12 1496 1316 

(Clinker ground as produced No samples during grinding. ) 

Cement 18-18T—Samples taken at kiln discharge 

Ss IS] 1418S DS io 1538 1118 
10 ly 183 1441 62 77 1572 1068 
5 } 23 1408 S3 4 1528 1209 
+8] | 24 1378 LOO 116 1522 1193 
13 | 23 1419 102 123 1552 LOS3 
14 | 23 1441 60 73 1542 1243 

Average 1417 

During grinding (Tests made at later date with different 

creens and personnel). 
Cement 18 25 1348 11 14 1371 1315 
Cement IST 13 1347 S 10 1260 1327 
Cement 21-217T—Samples taken at cooler discharge 

| | 1 1282 16 D6 1447 1212 
2 | 20 1200 86 102 1427 1080 
3 l 20 1245 57 76 1406 1083 

Average 1244 

During grinding 10 1262 10 12 1286 1247 

Cement 22—Samples taken from kiln at nose 

l 2 6 1412 | 52 1483 1310 
2 2 6 1366 50 56 1437 1201] 
3 li, 25 1353 10 53 1447 1184 
| 2 6 1425 29 32 1470 1388 
5 2 6 1328 56 66 1416 1228 
6 2 6 1332 55 61 1405 1236 
rf y - 6 1410 14 51 1478 1339 
8 2 6 1401 16 52 1462 1321 
iv) ly 25 1453 14 60 1520 1258 
10 2 6 1378 60 SO 1435 1200 

\verage 1386 

During grinding 11 1358 20 21 1381 1317 


Continued on p. 580) 


2. Sa Sions .~ 


—— 





580 


One 


One kiln ly 
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TABLE 2-9—LITER WEIGHTS OF CLINKERS (Cont'd.) 


Sample No. 
Kiln interval, of Av. Mean Std. 
No. hours samples wt. dev. dev. 
Cement 23—Samples taken at cooler discharge 
1 ly 33 1432 17 58 
2 ly, 18 1410 67 Q7 
3 4 to 1 24 1414 1S 58 
Average 1419 
During grinding 12 1429 18 23 
Cement 24—Samples taken at cooler discharge 
kiln 4 97 1456 66 RS 
During grinding 13 1430 10 15 
Cement 25—Samples taken at cooler discharge 
l 4 129 1395 118 134 
2 | 64 1375 68 86 
3 Vi, 128 1452 95 05 
Average 1407 
During grinding 1S 1437 58 76 
Cement 31—-Samples taken from kiln at nose 
l 2 6 1327 13 5S 
2 2 6 1300 17 51 
3 ae 25 1285 5Y SS 
} 2 6 1333 30 38 
5 2 6 1278 14 50 
6 2 6 1261 33 $2 
7 2 6 1302 24 26 
8 2 6 1312 9] 104 
+8] ly 25 1232 75 87 
10 2 6 1280 60 6S 
Average 1291 
During grinding 14 1295 25 29 


| 


Cements 33-33T—Samples taken from conveyor 


9 122 1452 60 75 
During grinding 33 10) 1462 5 6 
During grinding 33T y 1463 3 1 


after discharge 


March 1948 
Max. Min 
1560 1306 
1487 1110 
1496 1280 
1482 1371 
1598 1157 
1471 1404 
1564 Y52 
1528 1110 
L586 1062 
1560 1231 
1447 1264 
1354 1225 
1399 1175 
1371 1257 
1369 1230 
1309 1180 
1336 1260 
1452 1190 
1401 1087 
1360 1160 
1345 1256 
from cooler 
1596 1230 
1477 1451 
1470 1455 











Kiln 
No. 





One kiln 


One kiln 


| One kiln 


—_—o— 


Sood 
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TABLE 2-9—LITER WEIGHTS OF CLINKERS (Concluded) 


Sample No. 
interval, of Av. Mean Std. Max. 
hours samples wt. dev. dev. 


Cement 34 


Samples taken at cooler discharge 


ly, 114 1551 27 39 1615 
During grinding 15 1555 7 3) 1570 
Cement 41—Samples taken at cooler discharge 
ly 113 1304 88 108 L587 
During grinding 26 1378 11 14 1410 
Cement 42—Samples taken at cooler discharge 
ly 114 1344 72 Oo) 1545 
During grinding 15 1346 22 26 1377 
Cement 43—Samples from kiln at nose 
ly 29 1453 39 16 1564 
l 14 1365 16 56 1465 
ly 29 1512 28 32 1559 
\verage 1460 
(Clinker ground as produced. No samples during grinding.) 
Cement 43A—Samples taken from kiln at nose 
4 28 1116 19 61-1263 
l 12 1074 61 77 1230 
ls 26 1153 36 5 1224 
\verage 1114 


(Clinker ground as produced. 


Cement 51 


No samples during grind 


Samples taken at kiln discharge 


l 14 1117 77 85 1289 
14 27 1083 58 72 1245 
] 15 1078 13 61 1183 
ly 3 1194 96 120 1431 
l 15 1118 83 OS 1295 
Average 1118 


(No grab samples taken during grinding of Cement 51.) 
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Min. 


1349 


1536 


1050 


1350 


1135 


1297 


1362 
1248 
1448 


971 
916 
1066 


1007 
964 
1005 
943 
957 
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TABLE 2-10—CLINKER SIZE 


Percentage retained on individual sieves shown 


34-in. 


—s— 


STO Ot Or ND Ore OSI te OT tt & 


Average sieve analyses 


3 


No. 4 


Is 
13 
11 
18 
16 
16 


No. 


March 1948 
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TABLE 2- 11—CLINKER GRINDING 


Cement 


| No. Preliminary Final 
11 Clinker and gypsum proportioned by Eight tube mills, sprayed with 
batch scales. Two-high-speed vertical water, discharge conveyed to 
roller mills in closed circuit with four is-in. vibrating screens and 
10-mesh vibrating screens. pumped to a flat type bin. 
11T Only one preliminary mill unit. 14-lb | Three tube mills used. Calcu- 
flake Vinsol resin added to 1200 Ib lated percentage of Vinsol 
clinker on batch scales. resin = 0.04. 
12 Weighed clinker and gypsum pass directly | Ten tube mills in closed circuit 
12T from the scales or from a surge bin with 3 air separators. Sepa- 
22 through 114-in. grating to mill bins for rators discharge fines to a 
31 14 high speed vertical roller mills. Over- single screw conveyor feeding 
size from grating goes to gvratory the pump delivering to silos. 
crusher and to the mill bins. These 14 For 12T, 1.1 lb flake Vinsol 
mills discharge to a single conveyor resin added manually every 
distributing the crushed clinker to 10- 10 min. to clinker stream into 
tube mill bins for final grinding. each tube mill. On basis of 
production the amount 


calculates approximately .04 
percent. 


13 Clinker and gypsum proportioned on con- | Two tube mills discharging to 
tinuous weighing belts and fed by means elevators feeding screw con- 
of feed tables to 3 high speed vertical veyor leading to silos 
roller mills. 

14 Clinker and gypsum proportioned on continuous weighing belts. All grind- 

24 ing done in two 3-compartment mills operating in open circuit. The 


intermediate and finishing compartments are cooled by streams of water 
on the mill shells. The cement from these mills goes to a vibrating 
screen and then is pumped to a silo. 

In grinding Cement 41, 4 lb of rosin was added to each mill at 15-minute 
intervals for most of the grinding period to prevent ball coating. 


15 Clinker and gypsum are fed onto separate belts by circular feed tables. 
All grinding done in a 3-compartment mill operating in closed circuit 
with an air separacor. tejects from separator returned to first com- 


partment of mill. The fines are pumped to the silo. 


16 \ weighed quantity of gypsum is added | Two 3-compartment mills dis- 
16T manually at 5-minute intervals to the charging directly to a pump 
clinker as it goes to the preliminary for transport to the silo. For 
mill feed bins. Preliminary grinding cement 16T flake Vinsol resin 
by two ball mills in closed circuit with mixed with an equal weight 
two vibrating screens. Fines from of cement was added manu- 
vibrating screens fed to two finishing ally at 1l-minute intervals to 
mills. the crushed clinker. The 


amount of resin added, de- 
termined for the entire pro- 
duction, equaled .07 percent 
by weight of cement. 





(€ continued on p. 584) 
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TABLE | 2- 11—CLINKER GRINDING (Cont'd.) 


Cement 
No. | Preliminary Final 
17 | Gypsum and clinker proportioned by interlocking weighing devices. Grind- 
| ‘ing is done in three 2-compartment ball mills ee in open circuit. 
| Mills equipped with dust collectors which are shaken hourly, the dust 
joining the cement as it is conveyed and elevated to the silo. 

18 | Clinker and gypsum proportioned by feed | Some water added to the 
tables at each of eight high speed crushed clinker — as it 
vertical roller mills. These discharge entered the tube mills. These 

| to 22 tube mill feed bins. All eight of 20 mills discharge to two 
the preliminary mills and 20 finishing elevators which convey the 
mills used in grinding Cement 18. cement to the silo. 

18T | For Cement 18T the equipment was the same as for Cement 18 except that 
only one preliminary mill and one tube mill were used. Flake Vinsol 
resin (approx. .045 percent by weight of the cement) was added manually 
at the tebe mill. The cement was packed directly into 30-gal. steel drums 
(only 450 bbl required). This cement was reground 5 months later in a 
pilot plant tube mill (3 ft 2 in. diam., 7 ft 5 in. long) and returned to the 
steel drums. 

21 Clinker and gypsum proportioned by con- | Three 2-compartment ball mills. 

21T tinuous weighing belts. The mixture The first compartment oper- 
goes to a vibrating screen. The over- ates in closed circuit with an 
size is crushed in a gyratory crusher and air separator, the fines from 
fed back to the screen. The fines go to which go to a second sepa- 
a ball mill operating in closed circuit rator. The rejects from this 
with a vibrating screen. The fines separator go to the second 
from this screen go to feed bins for 3 compartment of the ball mill 
finishing mills. For cement 21T, 5 Ib and back to the separator. 
flake Vinsol resin was spread every 15 The fines from the three 
minutes on the clinker on the weighing similar units are united and 
belt. This gave a calculated percentage delivered to the silo by pump, 
of 0.038. elevator and screw conveyor. 

23 | Clinker and gypsum fed by separate feed | Two single-compartment tube 
tables to two high speed vertical roller mills, grinding in closed cir- 

| mills. Discharge goes to finishing mills. cuit with two air separators 
Fines are conveyed and 


pumped to silo. 
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TABLE 2-11—CLINKER GRINDING (Concluded) 


Cement 


No. Preliminary Final 
25 The grinding is done in two 4-com- | The fines from the second sepa- 
| partment mills. For each mill clinker rator are fed to the third 4 
F and gypsum are fed on separate con- compartments which pass the 4 
| tinuous weighing belts. The first two material on to the fourth 
compartments of each mill grind in compartments. The cement |: 
closed circuit with 2 air separators in streams from fourth com- 
tandem. The rejects from both sepa- partments are united in a 
rators return to the first compartment. screw conveyor, then pumped 3 
to the silo. 
33 | Clinker and gypsum weighed in batch | Final grinding to specific sur- 
33T scales synchronized to discharge simul- face of about 2500 in a tube 
taneously to a feed conveyor. Pre- | mill loaded with steel slugs. 
liminary grinding done in open circuit Cement conveyed and 
in a 3-compartment ball mill giving a pumped to silo. 
specific caine of about 2100. 


For cement 33T, 4-0z flake Vinsol resin 
added to alternate batches of clinker 
giving .033 percent by weight. 


34 Clinker crushed to about minus '-in. in a gyratory crusher and delivered 

42 to mill feed hopper bins. Rotary feed tables proportion clinker and 
gypsum to two 2-compartment tube mills grinding in closed circuit with 
air separators. R@jects from separator return to the first compartment 
of the mill. Fines are conveyed and pumped to the silo. Mills were 
sprayed with water during grinding. 


a 


43 Clinker is fed by a rocker feeder, gypsum by a screw conveyor, to four | 
434A 2-compartment tube mills, grinding in closed circuit with air separators. 
Two separators are used, each handling the output of two of the tube 
mills. A small stream of water was trickled on to the clinker for one 7 
pair of mills for cement 43. No water was used in the other two mills 
and no water on clinker 43A in either pair of mills. 
’ 
51 Clinker and gypsum are manually weighed Four tube mills discharging to 
in batches, conveyed to a %-in. grid 3 air separators from which ii 
screen. The oversize goes to a small oversize is returned to the Bf 
gyratory crusher, discharging back to tube mills and the fines sent 
the screen. Preliminary grinding in 10 to the silos. 
high speed vertical roller mills. | | 
: 
i 
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Cement 


No. 

11 

11T 

12 

12T 

13 

14 

15 

16—Mill 1 
Mill 2 

17— Mill 4 
Mill 6 
Mill 8 


18 (20 mills) 


18T 


18T Regrind 


21 
21T 
22 
23 
24 
25 


33 


33T—Mill 1 
Mill 2 


34 
41 
42 
43 
43A 


Mill 1 
Mill 2 


TABLE 2-12—CEMENT TEMPERATURES 


No. 


readings 


SO 


20 
21 
30 


Average 


Cement temperature, F. 


Maximum 


236 


March 1948 


Minimum 
198 


219 
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Fig. 2-1—Temperature charts, Cements 11-117, 12-12T 
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Fig. 2-2—Temperature charts, Cements 13, 16-16T 
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Fig. 2-3—Temperature charts, Cements 14, 15 
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Fig. 2-4—Temperature charts, Cements 17, 18-18T 
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Fig. 2-5—Temperature charts, Cements 21-21T 
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Fig. 2-6—Temperature charts, Cements 22, 23 
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Fig. 2-7—Temperature charts, Cements 24, 41 
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Fig. 2-8—Temperature charts, Cements 25, 34 
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Fig. 2-9—Temperature charts, Cements 31, 33-33T 
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Fig. 2-10—Temperature charts, Cements 42, 51 
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Fig. 2-11—Temperature charts, Cements 43, 43A 






































een cm 


An, eS a > SPE A ANN MLN Sal, ean aetna cima acne Day cA ans. sa Ae ten tin a Nl le a NN i tl nee Apia at eli 





i caitieeaeteeniiieaiiieiiealn 
ACI News Letter | 


Vol. 19 No. 7 JOURNAL of the AMERICAN CONCRETE INSTITUTE March 1948 


\ 














PREPAKT REPORTS... 


»+eON THE FLEXIBILITY OF PREPAKT APPLICATION 
-+.and the advantages of its use in “hard-to-get-at’ places 


UNDERWATER 
CONSTRUCTION 
AND REPAIRS 





UNDERGROUND 
CONSTRUCTION 
AND REPAIRS 








THE CONCRETE WITH EXTREME DURABILITY 








INTRUSION-PREPAKT, INC. THE PREPAKT CONCRETE CO. 
CHICAGO - TORONTO CLEVELAND 14, OHIO PHILADELPHIA 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 

















AHCI 


News Letter Contents 





On tho cover. . . grout mixing plant 
used in recent restoration work at 
Barker Dam. (story on p. 5) 


Will You Help to Make 
a 2-Year ACI Program . 3 


Barker Dam preview....... 5 
Who's Who 
Claude Gliddon............... 6 
Se nes corcsccccccecs 6 
F. R. McMillan and 
Wy ee PRnSaetesc0 0.0009 7 
New Members........... 7 


Carl F. Clausen heads 
P.C.A. manufacturing 


SOSSEE. 000 osc dceseves 10 
New paving finisher....... 10 
Harry F. Thomson......... 11 
re 11 


Radiant heating reports... .16 

Errata—Beams with 
intermediate expansion 
Be oo 6 ccc ganeweie’s 16 


Synopses of recent ACI 


Special ACI publications. .19 
Current ACI Standards.....25 


Alphabetical list of 
Pree 26 





J fap: ? 


: A 


Will You Help to Make 
a 2-Year ACI Program? 


Since, in four years, ACI has doubled its 
membership, it’s time, as they say, to “‘go to 
the people’. There will be a poll in two 
parts: 1) a broad general question to feel 
out the majority as to what is expected of 
ACT in fulfilling the objectives set forth in 
its charter—zf, where and and how the em- 
phasis of its work might well be shifted; and 
2) a direct appeal for suggestions as to subject 
matter and likely specific sources of JouRNAL 
contributions. 


You who comprise both the “giving” and 
the “receiving ’’ends of ACI work ought to 
have ideas prompted by your dual roles in a 
mutual effort. How might policy be altered 
under the broad framework of general scope 
and objectives? 


How might ACI, choosing among the 
specific interests of its heterogeneous member- 
ship, publish more of what many would like 
to see in JOURNAL pages? 


Tell us in say 25 words what you expect 
of ACI—to help in re-examining the structure 
of our general policy. Then tell us, coming 
right down to cases, what to do about it in 
specific terms of the kind of help you want 
suggesting likely sources. 


With that in mind, every member of the 
Institute will shortly receive a form on which 
to make suggestions to the Board and to the 
Technical Activities Committee. 

Let every member help as he can with 
ideas for good sources of worthwhile, publish- 
able information—specific suggestions as to 
what information is wanted, and, whenever 
possible, some idea as to its source. 


(Continued on p. 4) 
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There is probably no member of the Institute who is actively con- 
cerned with solving the problems of concrete who does not hear of, or 
himself experience, interesting ways in which problems were solved 
on some specific undertaking in the field of concrete design, construction 
or manufacture. There may be subjects which you think should be 
reviewed, simmered down to their working essentials as contributions 
applicable to everyday practice. The Technical Activities Committee 
wants to know what members want in the JouRNAL. 

Among the suggestions will be many, no doubt, which will be explored 
as to their possibilities for a future ACI convention, perhaps in New 
York the week of February 21, 1949, perhaps in Chicago the week of 
February 20, 1950. It takes a year, sometimes two years, to work up 
sessions on some special subjects. 

Organizations may be said to be most healthy which enjoy the highest 
degree of participation by their members, whether in actual contribu- 
tions published, in service on committees, in discussion of the con- 
tributions of others, in letters critical or commendatory of the course 
steered by the management. All these tend to improve ACI’s service 
to members in the perennial search for that which is vital and readily 
applicable to the cause of better products and structures. 

Try to make your suggestions in the light of a viewpoint which recog- 
nizes that while ACI sponsors one general convention forum each year, 
its work is perennial through ten JouRNALS each year—ten other forums 
—reaching vaster audiences than those of our conventions. 

While the full JourNat record of the Institute’s 44th annual convention 
in Denver, February 23-26, is still in the making, with a goal of closing 
that record in this and the April, May and June issues, the Technical 
Activities Committee of the Institute will be exploring the possibilities 
of future publications programs. 

In saying “program”, ACI management is not thinking in terms 
merely of conventions. No matter what the record is of attendance at 
the Denver meetings (in progress as this goes to press), no matter what 
records may be built up for February 1949 in New York, an annual 
convention, while the most spectacular and most personalized ACI 
event of the year, is but a fraction of the Institute’s work. 

Even the highest hopes and expectations for convention registration 
in any year envisage a small fraction of the Institute’s total “audience’’. 
A considerable portion of the usual convention audience is relatively 
local and often in large part non-member. One of the advantages of 
conventions is in developing new adherents. Just as those who go to 
conventions make new friends, ACI meets non-members who may 
become active in the Institute’s efforts. 


(Continued on p. 6) 
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As this is written the membership of 
the Institute is nearing the 4,000 mark 
Add 


member 


double what it was four years ago. 
1,000 to the regular 
mailings for non-member 


another 
subscribers, 
editorial correspondents and advertisers, 
Add the further casual audience involving 
separate prints and many current and 
previous JOURNAL issues, and the interests 
of more than 5000 readers are well served 
in published papers. 


Non-members who attend conventions, 
and the vastly greater number of non- 
members buy publications, are 
potentially ripening prospects for member- 
ship growth. All these and more make 
the audience for the published records. 
On the other hand, the annual 
vention in itself with its five or six sessions, 


who 


provides presentation and discussion time 
for very limited subject matter. 

The Technical 
tries to select 


Committee 
from the many offerings 
for publication, a few for the convention 

subject matter believed to be of consider- 


Activities 


able interest to an auditory assemblage 
subject matter which can be presented 
in relatively short convention periods, 
neither too sketchily nor too compre- 
hensively, (Most convention chairs are 
notoriously uncomfortable for long. sit- 
tings.) 

Most. of the offered at an 
annual convention eventually appears in 
the JourNnAL, with much other valuable 
subject matter which didn’t have the 
limelight, glamour, the color, the personal- 
ized stimuli of the convention rostrum, 
All this from the Journau’s published 
record for your reading convenience 
the same program minus some factors of 
personality, plus contributions carrying a 
considerable mass of detail, for specialized 
areas of concrete interest and often un- 
suited to oral presentation, Important 
too are many brief contributions which 
simmer down to relatively small space, 
the scattered accumulations of previously 
uncoordinated knowledge of concrete, 
over considerable terms of years. Thus 
do slow accretions of knowledge become 


material 


working tools—vastly than an 


annual convention can encompass. 


more 


There is often a tendency among the 
members of ACI to be shy of the chal- 
lenge of ‘‘writing a paper’. It is important 
to note that some of the contributions in 
greatest demand 


number of 


among the 
readers are not 


greatest 
characterized 
by strict newness or vast comprehensive- 
ness of the information recorded. They 
are new in their form—in their readiness 
for use. <A little study of the JourRNAL 
content has indicated that about 8 per- 
cent of the Institute membership is pro- 
There is 
percentage—not 


ducing its published papers, 
need to that 
necessarily in the realm of major papers, 
comprehensive in their detail, 
more frequent, brief 


increase 


but in 
actual 
design, construction and manufacturing 
practice which bring to test under work- 
ing conditions the knowledge that 
remained too relatively static. 
Information becomes dynamic only when 


records of 


has 
long 


it is ready for application in practice. 
Thus there is need for a wide variety of 
talent, much of which has been holding 
back the help it could give ACI’s mutual 
effort. 

Harvey Wiper Le 





Barker Dam preview 

This month’s News Letter cover fea- 
tures the grout mixing plant used in 
recent restoration work at Barker Dam 
described by Raymond FE, Davis, FE. 
Clinton Jansen and W. T. Neelands in 
“Restoration of Barker Dam’’, presented 
at the Denver convention in February 
and scheduled for publication in the April 
ACI Journau. 

The authors’ description of the plant 


follows in part: “The batching plant 


mixers, agitator and storage tanks, and 
master pumps were set up at the north 
end of the dam where the natural terrain 
offered the best opportunity to benefit 
from the gravity handling of materials. 
Cement and Alfesil were delivered to the 
mixer over a 300-ft gravity-wheel con- 
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veyor from a storage area at a higher 
elevation. Sand was delivered by crane 
into the overhead surge bin and was 
batched by weight... 

“The grout mixers, which are shown 
just below the batching floor, consisted 
of two dual-drum horizontal units—each 
drum having a capacity of 54 cu ft. 
Along the drive shaft running through 
the center of each drum, slotted blades 
shaped like spatulas were mounted on 
opposite sides in pairs with each pair set 
normal to adjacent pairs and tilted in a 
manner to create mixing currents from 


Who's Whe 


Claude Gliddon 


new JOURNAL contributor, advocates use 
of ordinary concrete repairs (“Repairing 
Concrete Hydraulic Structures”, p. 513) 
on the basis of his years of experience with 
the Gatineau Power Co. where highly satis- 
factory repair techniques have been devel- 
oped. Mr. Gliddon graduated from McGill 
University, Montreal, Quebec, in electrical 
engineering in 1921 and received his M. 8. 
in mechanical engineering in 1922. Since 
that time he has engaged in hydroelectric 
work, at first with consulting engineers, 


later with the Canadian government on. 


the St. Lawrence waterways project, and 
since 1926 with the Gatineau Power Co., 
Ottawa, Ontario. 

He has long been interested in the 
repair of concrete structures and has had 
papers on concrete repair methods and 
painting underwater steel published in 
the Engineering Journal of the Engineering 
Institute of Canada. 


T. D. Mylrea 


civil engineering head at the University 
of Delaware, and an ACI member since 
1925, presents ‘Bond and Anchorage” on 
p. 521. In this illustrated paper he cites 
dangers of existing bond formulas and 
gives attention to bond stress variations 
with time, length of embedment and type 
of bar surface. 
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ends to center. A 1-in. clearance between 
the blade and the shell necessitated the 
use of a %-in. scalping screen between 
the batcher hopper and mixer to remove 
occasional stones. The rate at which 
damp sand could be worked through this 
vibrating screen proved to be the factor 
governing the speed of the entire grouting 
operation. 

“Mixed grout was passed through a 
No. 8 vibrating screen into an agitator 
storage tank. There were two such 
screens and agitator tanks similar in 
construction to the mixers... ” 


This Mouth 


Professor Mylrea graduated from the 
University of Illinois in 1909 and received 
a professional degree there in 1922. He 
was employed successively by the American 
Bridge Co., the Dominion Bridge Co. of 
Canada, the City Engineer of Toronto, 
Truscon Steel Co. (Toronto office) and 
Norman McLeod Ltd. in varying capa- 
cities as draftsman; designer and structural 
engineer. 


In 1922 he designed, by means of the 
ellipse of elasticity, a large arch bridge on 
elastic foundations, which served as the 
thesis subject for his advanced degree. 
In this same year, he became an assistant 
professor of civil engineering at the Uni- 
versity of Illinois; he was later associate 
professor there, and in 1927 went to 
Carnegie Institute of Technology as 
professor of building construction. In 
1934 he assumed the duties of his present 
position at the University of Delaware. 
He has written five previous JouRNAL 
papers and served as chairman of the 
sub-committee responsible for revision of 
Chapters 8 and 9 of the “ACI Code’’. 
He recently received a certificate of 
appreciation for war-time work in Air- 
to-Ground Rocket Research for the 
ordnance department of the United 
States Army. 
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F.R. McMillan and W. C. Hansen 


share honors for the second chapter of the 
long-time study series on performance of 
cement in concrete. ‘Chapter 2—Manu- 
facture of the Test Cements” on p. 553 
covers much of Mr. Hansen’s work ob- 
serving conditions, recording data and 
collecting samples during manufacture of 
the cements. 


Past-President McMillan, long an active 
ACI worker and an honorary member of 
the Institute, scarcely needs biographical 
introduction to News Letter readers. A 
résumé of his activities appeared in the 
February News Letter, p. 9, in connec- 
tion with publication of the first chapter 
of the series. 

W. C. Hansen, who appears as a 
JOURNAL author for the third time, made 
his previous contributions before be- 
coming an ACI member in 1945. He did 
undergraduate work at Montana State 
College, and graduate work at the Uni- 
versity of lowa and Columbia University, 
receiving his Ph.D. in chemistry at the 
latter school in 1922. From 1924 to 1929 
he served as a member of the P.C.A. 
Fellowship staff at the National Bureau 
of Standards in Washington, D. C., where 
he conducted research on constituents 
of portland cement and wrote a number 
of papers on phase equilibria in oxide 
systems. 

Mr. Hansen was next associated with 
the research and production departments 
of the American Cyanimide Co. as re- 
search chemist and plant manager and in 
1938 returned to the Portland Cement 
Association as senior research chemist; in 
1940 when work began on the long-time 
study, he was assigned to the task of 
collecting information during the manu- 
facture of the 27 test cements and super- 
vising collection of the large number of 
samples. He also inaugurated the ex- 
tensive laboratory studies set up as an 
integral part of the long-time program and 
acted as principal observer during the 
latter part of the construction of the New 
York test road. In December 1944, he 
resigned his P.C.A. position to become 


manager of the research laboratories of 
the Universal Atlas Cement Co., Buffing- 
ton, Indiana. 

In addition to his ACI affiliation, he is 
a member of the American Chemical 
Society, American Association for the 
Advancement of Science, Sigma Xi, Phi 
Lambda Upsilon and Gamma Alpha. 


Neu Members 





The Board of Direction approved 134 
applications for Membership (77 Indi- 
vidual, 7 Corporation, 11 Junior, 39 
Student) received in January. 

The Membership total on February 1, 
1948 after taking into consideration a 
few losses by death, resignation and for 
non-payment of dues, was 3894. 


Individual 


Austin, C. Robert, 20th & Reed Sts., 
Erie, Pa. 


Balderson, Ted A., 2027 N. 49th St., 
Omaha, Nebr. 
Bargar, Joseph Lowell, 2745 N. W. 


Raleigh St., Portland 10, Ore. 

Baskett, David 8., 1025 S. Lincoln St., 
Casper, Wyo. 

Bauman, Aaron H., 
Bellevue, Nebr. 

Berger, Miroslav Frederic, c/o Sanderson 
& Porter, 42 Broadway, New York 4, 
Ne Xi 

Braden, Joseph C., 
Association, Capital 
Bldg., Austin 16, Texas 

Brown, Harlan E. Jr., P. 
Oswego, Ore. 
Buck, George H., Buck, Seifert & Jost, 
112 E. 19th St., New York 3, N. Y. 
Byrne, George P., U. S. Bureau of Re- 
clamation, Grand Lake, Colo. 

Camp, Paul G., 400 Louisiana St., Pampa, 
Texas 

Cantrell, B. Royall, 
Pampa, Texas 

Carroll, Robert P., 810 8. Overlook Drive, 
Alexandria, Va. 

Conti, Hugo Y., 439 Beach 145 
Rockaway Beach, L. I., N. Y. 


1607 Main St., 


Portland Cement 
National Bank 


O. Box 148, 


1100 Garland St., 


St., 
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Cordova, Francisco J., North American 
Technical Mission, Uruguay 291, 
Buenos Aires, Argentina 

Covey, Ray W., 828 Michigan Bldg., 
Detroit 26, Mich. 

Dalbey, John L., Apartado 
Guadalajara, Jal., Mexico 

Darlow, Arthur E., City of Miami, Dept. 
of Engineering, Miami, Fla. 

deBerard, Jean M., 1878 Pershing Ave., 
San Bernardino, Calif. 

Duecy, George P., Associated Sand & 
Gravel Co., 2508 Colby, Everett, Wash. 

Dunajewsky, Emanuel, 62 Usishkin St., 
Rehavia, Jerusalem 

Egeland, Bernole Raymond, 2240 Base- 
line Rd., Boulder, Colo. 

Frick, Murray, 811 W. Seventh St., Los 
Angeles 14, Calif. 

Farrant, Lawrence T., P. O. Box 2432, 
Miami 14, Fla. 

Felkner, Byron G., U. 8. Bureau of Re- 
clamation, Box 1111, Thermopolis, 
Wyo. 

Florey, James R., 1127 Adams St., Denver 
6, Colo. 

Friedlaender, Hans, 
Jerusalem, Palestine 

Garst, Lloyd E., 1423 W. Valerio St., 
Santa Barbara, Calif. 

Galloway, William Jefferson, 
Parmelee, Ave., Fair Lawn, N. J. 


1404, 


6 Alfasi Rd., 


15-36 


George, Henry 8., 419 Hutton Bldg., 


Spokane, Wash. 

Giddings, Jim, 207 5S. Anacapa St., 
Ventura, Calif. 

Grammaticopoulo, Dimitri, 35 Patriar- 
chou Loakim, Athens, Greece 

Guckert, Donavon, U. 8. Engineer Office, 
Rock Island, Ill. 

Harrje, Henry John, P. O. Box 746, 
Jacksonville Beach, Fla. 

Hasselblad, Valter, A. B. Skanska 
Cementgjoteriet, Malmo, Sweden 

Hedges, James Allen, U. 8. Bureau of 
Reclamation, Tracy, Calif. 

Heller, Walter J., Schlosstrasse 
Berne, Switzerland 

Hobbs, Samuel, Rm. 1107, 816 W. 5th 
St., Los Angeles 13, Calif. 

Jen, Chao Pe, 521 W. 123 St., New York 
oe © 


131, 
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Jimenez, Zenon Martin, Amistad No, 252 
(Edificio Palermo) Havana, Cuba 

Kerrn-Jespersen, Paul, Ryvangs Alle 28, 
Hellerup, Denmark 

Kloub, Jan, Praha IV 
Czechoslovakia 

Logsdon, James F., ¢/o General Delivery, 
Tracy, Calif. 

Macerata, Stelio 125 London 
Johannesburg, 8S. Africa 

Mackney, A. E., 911 Vancouver Block, 
736 Granville St., Vancouver, B. C., 
Canada 

MacMillan, Gilbert H.; 1908 
Tower, Minneapolis 2, Minn. 

Mason, B. B., City Engineering Dept., 
Seattle 4, Wash. 

McCord, K. D., 611 King St. E., Toronto, 
Ont., Canada 

McHenry, H. L., 7135 8. E. 
Portland 2, Ore. 

Medley, Clarence E., 927 Bennett Place, 
Baltimore 23, Md. 

Menendez, Arturo, Zapata 918, Infanta y 
Basarrate, Havana, Cuba 

Meskimen, Gaih V., 36 Auckland St., 
Dorchester, Mass. 

Meyer, Erik Victor, c/o Cementfabrik- 


Badouiho 290, 


House, 


Foshay 


34 Ave., 


kernes Tekniske Oplysningskontor, 
Kalvebod, Bryggo 2, Copenhagen, 
Denmark 


Michele, Ottaggio, 
Genoa, Italy 

Michelis, B., 316 7th St., Antioch, Calif. 

Millet, Roberto Diaz, Concepcion 110, 
Vibora, Havana, Cuba 

Minnich, John H., Thayer School of 
Engineering, Hanover, N. H. 

Monarchi, Joseph L., 2651 S. Grant St., 
Denver 10, Colo. 

Neill, W. B., 724 Old National Bank 
Bldg., Spokane, Wash. 

Newland, Walter, U. 8S. Bureau of Re- 
clamation, Grand Lake, Colo. 

Norton, Forrest A., c/o U. 8. Bureau of 
Reclamation, Tracy, Calif. 

Petritgis, Christos N., Ypsilanton Street 
No. 12, Athens, Greece 

Price, Carl M., 528 Edinburgh, 
Mateo, Calif, 

Rivero, Raul Miguel, Diagonal 512 Pral., 
Barcelona, Spain 


Piazza Giusti 2.11, 


San 
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Sauvage, Vanus C., Collinwood Shale 
Brick & Supply Co., 16220 Saranac Rd., 
Cleveland 10, Ohio 

Siegert, Ray L., P. O. Box 6721, Los 
Angeles 22, Calif. 

Silva, Ruben Ruiz, Civil Engineer, Avenida 
Quetzal No, 24, Guatemala City, C. A. 

Simons, Ralph, 40 Queens Walk, South 
Ruislip, Middlesex, England 

Steiner, S.. P. O. B. 609, Haifa, Palestine 

Sthyr, Christian Albert Viggo, c/o 
Cementfabrikkernes Tekniske Oplysn- 
ingskontor, Copenhagen, Denmark 

Tatman, Phil J., 901 Leavenworth St., 
Manhattan, Kans. 

Timenez, Suarez, 
Vibora, Havana, Cuba 

Urso, Patrick J., West Virginia Steel & 
Mfg. Co., P. O. Box 118, Huntington, 
W. Va. 

Wells, Roger M., RFD No. 1, Carmel, 
New York 

Williams, Thomas H., Northwest Labo- 
ratories, 2nd Ave. & James St., Seattle, 
Wash. 

Woodward, Richard J. Jr., Rm. B-4 
Engineering Bldg., University — of 
California, Berkeley 4, Calif. 

Young, Herschel C., 204 Circular Drive, 
Florence, Ala. 


Oscar Parraga 161, 


Corporation 

American Aggregates Corp., Greenville, 
Ohio (Guy C. Baker) : 

Calresin Corp., 8564 Washington Blvd., 
Culver City, Calif. (Les Wilson) 

London, University, Dept. of Civil & 
Municipal Engr., Gower St., London 
W. C. 1, England (H, J. Collins) 

New Mexico State Highway Testing Lab- 
oratory, Box 91, Univ. of New Mexico, 
Albuquerque, New Mexico (KE. B, Bail) 

Reinforced Structures Ltd., 15 Curzon St. 
W. 1, London, England (Sidney Cons) 

Texas Lightweight Aggregate Co., Manu- 
facturers of Haydite, Dallas, 
(Charles W. Cline) 

Universidad de Los Andes, Escuela de 
Ingenieria Civil, Merida, Venezuela 


Texas 


Junior 
Govantes, Evelio (Pemberton), Calle 11 
No. 451, Vedado, Havana, Cuba 


Hicklin, M. D., 3072 8. W. Fairview Blvd., 
Portland 1, Ore. 

Hutton, Winifred M. E., 5626 N. Karlov 
Ave., Chicago 30, Ill. 

Kay, J. E., 8 Herne Hill, London §. FE. 
24, England 

McCullough, Robert Marion, 
Channing Way, Berkeley 4, Calif. 

Mulliner, Ralph J., 24 Woodland Ave., 
Kalispell, Mont. 

Sholes, James Ray, Ralston, Wyo. 

Saurez, Elena, Ave. de Belgica No. 11, 
Alturas de Almendares, 
Havana, Cuba 

Sullivan, Warren E., 204 N. EF. 15th St., 
Oklahoma City 4, Okla. 

Trescony, Louis J., 1846 Spruce St., 
Berkeley 9, Calif. 

White, George F., Frank P. White Co., 
205 Girard Ave. N., Minneapolis 5, 
Minn. 


Student 

Alsueta, Carlos C., 2633 Channing Way, 
Berkeley 4, Calif. 

Andrade A., Jose E., 
Quito, Eeuador, 8. A. 

Bartholomew, Stuart Hawley, 
Durant Ave., Berkeley 4, Calif. 

Beaumont, Klyne G., 3718 40th St 
Sacramento, Calif. 

Black, Hollis M. Jr., 5900 Columbia Ave., 
Richmond, Calif. 

Chamberlin, Donald D., 300 Oak Vue 
Ave., Concord, Calif. 

Clemens, Morrin O., 642 Woodmont Rd., 
Berkeley 8, Calif. 

Davis, Raymond FE. Jr., 2531 Regent St., 
Berkeley 4, Calif. 

Dougherty, John H. Jr., 844 Ventura 
Ave., Richmond ,Calif. 

Duarte, Jose Napoleon, 705 Miner 8t., 
South Bend, Ind. 

Fry, Thomas George Jr., 1686 Hower 
Ave., I, Cleveland 12, Ohio 

Glitz, Arno, 401 W. Elm, Urbana, IIL. 

Harrison, Alfred 8,, 1522 4th Ave., Los 
Angeles 6, Calif, 

Hughes, Virgil Linton, Route 4, Lillie, La, 

Jacobs, Gerald Victor, 2208 W. 8th St., 


Los Angeles 5, Calif. 


2908 


Marianao, 


Apartado 372, 
500 
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Kahn, Edwin W., 62414 N. Irving Blvd., 
Los Angeles 4, Calif. 

Keele, George Parker, 1251 W. Main St., 
Decatur, Il. 

Kohne, Richard E., 192714 Parker St., 
Berkeley 4, Calif. 

Kohno, Fred, 2635 Channing Way, 
Berkeley 4, Calif. 

Maland, Leslie H., 627 Virginia Terrace, 
Santa Paulo, Calif. 

Marroguin, Adolfe Alvarez, 6a C. P. No. 
24, Guatemala City, Guatemala, C. A. 

Martinez, Ricardo Arguedos, c/o Avenida 
Norte No. 16, Guatemala City, Guate- 
mala, C. A. 

McAuley, Wayne M., 1005 Central Ave., 
Del Paso Heights, Calif. 

McCullough, Charles A., 501 38th Ave., 
Apt. 303, San Francisco 21, Calif. 

Reynolds, Robin Rowe Jr., 537 8. 19th 
St., Apt. 1-B, Richmond, Calif. 

Rinehart, Wm. Mahlon, 15720 Pasea Del 
Campo, San Lorenzo, Calif. 

Saunders, R. W. B., 733 43rd St. 8., Apt. 
1E, Richmond, Calif. 

Schroeter, W. Vattie, 2204 Durant Ave., 
Berkeley 4, Calif. 

Scordelis, Alexander Costicas, 2295 Filbert 
St., San Francisco 23, Calif. 

Slater, Murray H., 1825 N. Whitley Ave., 
Hollywood 28, Calif. 


Thompson, Fred E., 506 Meeker Ct. N., 


Richmond, Calif. 

Unsac, Orhan, P. O. Box 1256, Stanford, 
Palo Alto, Calif. 

Valle, Alfonso Rosales, 16 Calle Poniente 
No. 48 y Ave., C. Americe, Guatemala, 
Ciudad ,C. A. 

Virgil, Philip S. Jr., 2418 College Ave., 
Berkeley 4, Calif. 

Walker, John E., 
Oakland 9, Calif. 

Walsh, James J. Jr., 5300 Madison Ave., 
Apt. 1B, Richmond, Calif. 

Weigand, Robert Joseph, 3447 W. Tusca- 
rawas St., Canton 3, Ohio 

Wilcken, Henning, International House, 
Berkeley 4, Calif. 

Yeager, Ernest Eugene, 4556 8th St., 
Riverside, Calif. 


5271 Boyd Ave., 


March 1948 


Carl F. Clausen heads P.C.A. manu- 


facturing research 


Dr. A. Allan Bates, vice president for 
research and development of the Port- 
land Cement Association, has announced 
the appointment of Carl F. Clausen as 


_manager of the Manufacturing Research 


Section, and secretary of Subcommittee 
C of the General Technical Committee. 


Before going to P.C.A. Mr. Clausen 
was assistant to the president of Pacific 
Portland Cement Co., San Francisco, 
and was for a number of years associated 
with F. L. Smidth and Co., New York, 
in designing and operating equipment 
and plants for cement and related indus- 
tries. He holds degrees from the Uni- 
versity and the Royal Polytechnic 
Institute cf Copenhagen. 


During the war Mr. Clausen was 
technical consultant on cement industry 


to the War Production Board in 
Washington, D. C. and subsequently 
chief of the Non-Metallic Building 


Materials Section with responsibility for 
cement, crushed stone, sand and gravel, 
concrete, concrete products, and gypsum. 


New paving finisher 


Blaw-Knox Co. announces a concrete 
paving finisher with independent control 
of traction and screed speeds and other 
refinements designed to improve paving 
performance and reduce operating and 
maintenance costs. The improved model, 
Model XE, replaces Model XC. _ Inde- 
pendent control of traction and screeds 
is provided by an automotive type trans- 
mission. Now available to the operator 
are 16 combinations of screed and trac- 
tion speeds as against four combinations 
on the older model. This selective con- 
trol is said to be particularly advantageous 
during the finishing of air-entraining con- 
crete where more screed strokes are re- 
quired per lineal foot of forward move- 
ment by the finisher, and it provides more 
flexibility in selecting combinations of 
screed and traction speeds to handle all. 
types and textures of concrete. 
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Harry F. Thomson 


active ACI member since 1928, has been 
elected president of the General Material 
Co. with general offices in the Buder 
Building, St. Louis, Missouri, succeeding 
the late A. C. Butterworth who died in 
November, 1947. 


Mr. Thomson has been a vice president 
of the company since its incorporation in 


1927. He recently completed a 3-year 
term as a national director of the 
American Society of Civil Engineers. 


He is a past president of the National 
Ready Mixed Concrete Association, and 
with a one year lapse—1941—has been a 
member of the ACI Board of Direction 
since 1939. He is chairman of the high- 
ways and bridges committee of the 
Metropolitan Plan Association of St. 
Louis, and has been active in the St. 
Louis Chamber of Commerce, The Asso- 
ciated Industries of Missouri and other 
civic organizations. 


Honor Roll 


February 1, 1947 to January 31, 1948 





Raymond E. Davis, Director, Engi- 
neering Materials Laboratory, University 
of California, proved to be the dark horse 
in the annual membership-getting race. 
When it ended, January 31, (including in 
the count all applications postmarked in 
January and received by ACI by Monday, 
February 2) Davis led the list with 3114 
applicants to his credit. No telling what 
he might have done if he hadn’t spent 
considerable time in Europe last summer 
and early fall. We believe he didn’t 
make a start for the Honor Roll until 
November. 

Newlin D. Morgan was second man 
with a total of 19 members for the period 
February 1, 1947 through January 31, 
1948. 

Professor Davis has 
among his many attributes. 


salesmanship 
He retired 


as past-president member of the Board 
of Direction at the conclusion of the 
Denver convention by reason of By-Law 
limitations. He became director from 
the old sixth district (Pacific Coast, 
Rocky Mountain, and Plains states (in 
fact, most of the territory west of the 
Mississippi) in 1930; later he was a 
director-at-large (very much at large in 








Raymond E. Davis 
Honor Roll Winner 


view of his travel records) and successively 
vice president, president, and past- 
president member of the Board, a tenure 
of 18 years. Under his ACI directory 
entry is a long list of his contributions to 
ACI work. That published record 
doesn’t mention him as a winner of new 
members. It doesn’t mention that 
California is as of February 1, 1948 in 
first place as an ACI membership state, 
having passed New York which has been 
long in the lead—Feb. 1, 1948 New York 
370; California 379, and that with a 
little more than half (1940 census) New 
York State’s population. ’ 
(Honor Roll statistics follow) 
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Raymond E. Davis............... 31% 
Newlin D. Morgan............... 19 
Robert F. Blanks................ 144% 
Alberto Dovali Jaime............ 13 
Henry L. Kennedy............... 11% 
CS SE il 


James A. McCarthy...............9 
Elmo C. Higginson................8 


I ass 6's oe 04g bb 00 00 o-0k 8 
ere 8 
gs da ace ecessecns 7 
Newlin D. Morgan Jr. ............ Y 
Maurice G. Roux................. 7 
Howard R. Staley................. 7 
OE i | | a 7 
PT eee 7 
a 614 
se. ces ccccccccs 6 
Dean Peabody Jr.................. 6 
RI cs ccc eee ceces 6 
re rere 6 
Cs ccc nccccscccceses 514 
SI cw cc cdercccccccce 5 
Ss. cnc ccccacccnes 5 
Robert L. Mauchel............... 5 
ee 5 
Lloyd R. Bowman................ 4% 
MI cc ete ccc cece 4 
CU oss cs pene scence 4 
E. Gonzalez-Rubio................ 4 
S. Friis Jespersen................. 4 
Co Se 4 
Rr cave gh kek ie soe 4 
John G. Dempsey................ 3% 
Biss GHOMMOEMIOM . 5... 2.2... 3% 
DA MEMEIN i ccc cece vscncess 3% 
Eee 3% 
NN ee 3% 
Emanuel Ben-Zvi................ 3 
Jose Luis Capacete............... 3 
Wilbur H. Chamberlain...........3 
Edward E. Evans.................. 3 
BU Ms MAMIE. wk ccc emcees cece 3 
er 3 
Harmon Meissner.................3 
John J. Mulllem.................0. 3 
Jerome P. Raphael............... 3 
I. S. Rasmusson.................. 3 
John C. Sprague.................. 3 
eer eee 3 
IE Bids co's dc ce Cbs ee o's 3 
Ww, memmer Caesls.... 5... cee 2% 
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ee ish a etal 2% 
i II, gnc aca sevecens 2% 
Manuel Ray Rivero............... 2% 
Eee | 
Ee ror 2 
ae 2 
an ic whe aml dua 2 
No chy ang cp demalied 2 
Nn ee ere 2 
Glee iu MOG... ow wee cae 2 
MUS Sn ce cccnsecwcccees 2 
Bee es ED ww ke ee ee 2 
I Cc’... ke vive soa aaieeeceea 
ES a ict Ae ee | 2 
re Ge MOO, ww cece 2 
Hater Te SUM... ... ew ee 2 
| en ee 2 
Basil Kyriacopulos........ a 
MUNN oc o.a sas cv we sev a eee ce 2 
ee ns os os 0 2 
MII, ono vac cd ewlccccces 2 
Frederic Theodore Mavis.......... 2 
SS ree 2 
Richard C. Mielenz............... 2 
Rene Pulido y Morales............ 2 
ee ee 2 
oe re 2 
Castes Pinas....-:........... — 
8 A eal 
NN, Oe... k amaiereat 2 
ee eee rere 2 
Clarence Rawhouser.............. 2 
ack «ites » v0.69 sldle.c.0.a's 2 
Fernando Rojas B.................2 
Anton N. Rydland........... Loa 
Joseph J. Shideler................ 2 
E. Copeland Snelgrove............ 2 
Se Re eee 2 
MIs MONOIIIE, oc cance cccacises 2 
3d. Beeemio Tmemen............... 2 
ee ere 2 
Calvin T. Watts....... 2 
ee 14% 
I oo os o.5-0> 600.4.6.4.0.00 00% 1% 
Frederick L. Browne.............. 1% 
rere 1% 
Bak ca tas abdend ooabes 1% 
R. Torres Colondres.............. 1% 
William A. Cordon............... 1% 
ce 9 re 1% 
LS coccvecviveceseue 1% 
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Anthony J. Giardina.............234 Phil M. Fengusom....:...........03 1 
Re ee ere RBG WH Se teas «cic ecekks cave 1 
Walter Griesbach.................144 Robert W. Freeman................ 1 
C. M. Howard..... ome 4 Be TE ore 1 
W.R. Johnson..... ; ..-14% Emil A. Gramstorff................. 1 
Donald G. Kretsinger............. GPG” Fe Ma eeecikns .weckderasneere 1 
Giver Ti. BEMMBRR........ 020.0500 14% Ernst Gruenwald................... 1 
} rere 11% Fernand Guye............. Wy 
Dougins B. Pareome........ 0.680% 14% _ Per Hakanson.. . A 7 
ls IN cow's oo 30 Ws oe cwa be S56. eek, WN 5 wins ois cee eeoee 1 
ee Oe Pee ce S36 . Weltee . Bani... 5 cs asa ekia 1 
Oe ee | an SS ye 1 
SS rg = 1% J. F.Hayden........ age eee tees 1 
Jose Antonio Vila. ... ........-1% Luis Gonzalez Hermosillo........... 1 
Isabel Whitmarsh..... ere a Rey 
Ms las ad bo on a ab ee cue 14% Lawrence R. Hjorth................ 1 
Roy R. Zipprodt vice .1% _ H. J. Hoodwin... re 
Eibert K. Abberly.................: 1 Edward L. Howard.......... eka 
Jerome O. Ackerman............... 1 L. R. Howard.... es | 
George C. Alden. . . 5 oe Fred Hubbard....... 53 Poe Auk iee 1 
Pee oT rs eee 1 CURE Wea Siac ss ei cctace ese 1 
ee eee one 1 gd ere ee 1 
Eduardo A. Arnal... ...5....0 0000 1 ees Ch, BON iis 8s OS. ee 1 
ee EEE 1 Pomel: Hh. Paes 6 oss eaves tWaacs 1 
Roland E. Bansemer........,....... 1 James H. Jacobson................. 1 
Oe eee ica kaos sa ee TTT TET eT Tee 1 
Stanislav Bechyne : — BE CUMMINS og vs cas cde cec leeks 1 
NII xsicsrreiws 6s 10 a's pie all 1 Vice Ras sci da bars beans weed 1 
TE. 5 000 + aules Maa we 1 Weneee We SORUO i. 5 ss Fh cavcccek 1 
A. J. Boase. ee tae TUTTE EET ee 1 
of i SR ere ae. 1 Martin Manto... 6. isc sccisiccaell 
Wr eneee SeONGs.. . cence a a a PI 5.5 socio s Wao See Oe 1 
po PTET rrr ees 1 Se evs «6a cael ik caae eee 1 
I ss 550k 6.0 vane ae el 1 Thomas B. Kennedy................1 
Ernest W. Burke........ er ae George J. Kerekes.................. 1 
errr -eetiee kas 1 Robert C. Kirchner.................1 
is I do vis bh sc tecnt “a F. P. Kneeshaw. . . au 
0 a ere 1 Lane Knight....... eres, . 1 
SP CTTT TT ee ree 1 Se ras Beer sete eet 1 
EP ere Te 1 Douglas S. LaidJlaw................. 1 
Frank W. Chappell........... i Luis A. Pietsi Lavie..............0. 1 
Ye & Se core 1 Bee Wes Rc iss ot. ob bd cwa s bees 1 
Theodore F. Collier pe ag a, ee Ae ee 1 
A. R. Collins. ... a Wee MIN oi. nx) 6 eka teen cae 1 
ey SPT Tee ee 1 Malcolm G. Long. . baee 
R. E. Copeland............. aeeaee John E. Lothers..... rae 
eA eee ree 1 AR. BH Beh oi cs seins 1 
Oe ere Pee 1 Gustave Magnel................... 1 
muomeet G. TOGMPION.... «oo... scence duie 1 Alexander Major...............s00s 1 
NG, MOODS occ cscssctnwetwe 1 I Bcc vcdecscabbanawe 1 
RS he. 5 s liln bain dice Cas 1 G, A, PRRs dsene ss scethda ol 
Narciso Esquivel Y...............+. 1 Thomas J. McClellan............... 1 
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James E. McClelland............... 1 
ee ao 5 i dale a'ews 1 
Duncan McConnell................. 1 
Ee Wain a os .0 ae 0 dos 1 
Douglas McHenry.................. 1 
Abraham Meltser.................. 1 
SC a a 1 
ET 1 
Leonard J. Mitchell................ 1 
SINS 65 5s dv cd elewsd ow awe 1 
ND, 6 wo 64-0 ath eee o-ad'os 1 
a os gad pvihlv We dw.e 1 
ee, os oa edna o's 1 
OS re 1 
EEN. ccc cvctwaverconcs 1 
William Otcovsky.................. 1 
Jerome P. Pasquarelli.............. 1 
ES LE 1 
I occas cnesisecen 1 
I, 6 oc oc cccctwsdeded 1 
Es os 6's o ba udiedin eas bdiad 1 
Pn . . . sso cclebaeidesouaa 1 
EE ae 1 
EEE re ee 1 
ee 1 
re 1 
Theodore O. Reyhner. eee Camteh at 4 1 
TS. 5 n-w.p:5/4 mie Hie\e.aloteis Wald 1 
NS... wv sivincwnevs vss ] 
RCS do. oo o2 ees wndien a tise 1 
Alexander P. Rodionov............. 1 
NS on 6 pod bie ev 6 0bibie weve 1 
K. R. Narayana Row............... 1 
CS SE 1 
ES eee 1 
SE ee eee 1 
a, sent nonsense’ 1 
Tene ©, Beda... 2... cseeess 1 
C. Clayton Singleton............... 1 
CEs bd 5 vodetlenys hana’ l 





PROFESSIONAL CARDS 





Knappen Engineering Company 
Consulting Engineers 


Ports, Harbor Works, Flood Control, Hydro-Elec- 
tric Power, Dams, Bridges, Tunnels, Highways, 
Airports, Traffic, Water i y, Sewerage, 
Foundations, Soil Studies, Investigation, 
Design, Supervision. 


280 Madison Avenue, New York 
Miami, Buenos Aires, Caracas 
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NN aad a Cab u ls tte ted c's 1 
NN a sn ancinb den codes 1 
ee ee 1 
IES hice cc cccciee’s eed sacs 1 
Ee on o.sce.u ete a bie od wa 1 
ot idl is 1.6 6 aves 0 bili 1 
SSS, Se es 
John H. Swerdfeger.................1 
PD BONO. oie ce accce 1 
BM I oes cc cn destin. ve: 
PT eon kivactsbace ea 
P. H. Vaidyamathan................ 1 
RMD TD. VION... ow 6c baci dees 1 
a's cs gaiciee ch aha bisdie’ 1 
Donald R. Warren...... 1 
a, Ck by ane eld d¥s-a ] 
ea rer om 
Frederick N. Weaver............ a 
2 2 ES a eres et 
Piers M. Williams 3 
Ee ere a 
Charles EK. Wuerpel.... 1 
Alexander H. Yeates......... 4 
George T. Zala.......... we 


The following credits are in each in- 
stance, “50-50” with another Member. 


Marcelo Abadia 
Herbert C. Allen 
Edwin C. Anderson 
$. V. Antenbring 
oseph Avant 


John R. Pez er 


poree ~ Sieesds 
F. 


Tiarry E ‘Englander 


rle. 
Mn el Bakhoum hee G. = 
8. Balu Rudolf Fisch] 
O. C, Balmer Alexander Foster Jr. 
Barnes ). Frech 


Ellwood Lewis Bartz 
Jack R. Benjamin 
N. K. Berry 

H. J. Bezette 

Carlos Blaschitz 

P. G. Bowie 

J, M. Breen 

George C. Britton 
A. S. Brock 

C, P. Brzozowicz 

R. A. Burmeister 

A. 8. Butterworth 
John H. van d 

W. L. Chadwic 
Wilbur H. Chamberlin 
—— H. H. Chun 


P. J. Freeman 
Frank M. Fucik 
M. F. Goudie 
Edward J. Glennen 
L. E. Grinter 
Bernardo Guerrero 
William H, Hall 
P. J. Halloran 
Toliff R. Hance 
W. 8. Hanna 
Sropnen L. Heidrich 
lennes 


Bago. s Herkovie 
A. W. Hicks 


Lester G. High 
B. G. W. Hoare 


. D, Ciresi Oscar Hoffman 
Willian L. Cobb Myle Holley Jr. 
V. N. Connor Leonard C. Hollister 
Herbert K. Cook R. W. Hurlburt 
John W. Cook al A. Hyde 


Rolland Cravens 
William P. Crawford 
Edgar A. Cross 
E. H. Darling 

Davis 
Frank L, Dienst 
Joseph Di Stasio 
one Dobson 
H,.G Doldge 
Atahualpa Jomingues 
C, Martin Duke 
Clarence W. Dunham 


Robert B. Hyslop 
Elmer L. Johnson 
Joseph L. Johnson 
" C. Johnson 


I. Johnstone 


Pani A. Jones 

Samuel Judd 

William R. Kahl 
. G. Kaiser 

H. A. Kammer 

R, R. Kaufman 

J, W. Kelly 
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problems. 





with SIKA! 


Leaks are easily and effectively sealed on the exposed side with quick- 
setting Sika mortar without relieving pressure. 
pressure, Sika No. 4A for seepage. 


Take advantage of this fast and ec ical 


Sika No. 2 for heavy 


tho to 
ov 





Wiite for our new quick-set Sika folder. 


SIKA CHEMICAL CORPORATION 


37 Gregory Avenue 


Passaic, N. J. 





Edgar R. Kendall 

Frank Kerekes 

Morgan B. Klock 

Wm. J. Krefeld 

Arthur Krueger 

T. R. S. Kynnersley 

M. B. Lagaard 

H. E. Langley 

Clarence L. Laude 

Norman Dale Lea 

Wm. Lerch 

John r Long 

F. A. Luber 

Raul Lucchetti 

H. St. J. R. de Lys- 
Gregson 

M. F. Macnaughton 

Harry K. Makino 

George A. Mansfield 

Bryant Mather 

Albert J. Mek lrath 

D. W. McLachlan 

H,. H. McLean 

Ernest W. McMullen 

Harry H. Meyer 

R, E, Mills 

R. E. Minshall 

Hugh Montgomery 

R. M. Moorhead 

Willis T. Moran 

EF. E. Morgan 

John R. Morris 

George H. Nelson 

Henry L. Neve 

Wm. D. Nowlin 

Ben E. Nutter 

F, W. Panhorst 

Amand Parent 

William E. B. Parker 

Orin G. Patch 

Y. G. Patel 

J.C. Pearson 

John Kevan Peebles J: 

Robert L. Pelton 

Henry A. Pfisterer 

Robert KE. Philleo 

Ernest Pichel 

Gerald Pickett 

Milos Polivka 

James A. Polychrone 

Kenneth L. Powers 

Herman G. Protae 

John A. Randall 

Walter F. Rasp 

Carl F. Renz 

Roger Rhoades 

Frank FE, Richart 

Rosas M. Riegel 

Dwight F. Roberts 


D. O. Robinson 
John A, Rubling 
Romano Sartori 
Henry R. Schaefer 
Alphons E. Schmidt 
William D. Schoell 
Herman Schorer 
C. H, Schwertner 
H. H. Scofield 
E, W. Scripture Jr. 
Io. Segal 
Julian B. Shand 
Ralph L. Shelton 
R. R. Sheridan 
E. C. Shuman 
Arthur P. Skaer 
Aubrey B. Sleath 
John W, Smith 
Rh. W. Spencer 
John H, Stamataky 
William T. Summers 
Ernest ©, Sweetser 
M. A. Swayze 
Harold 8. Sweet 
Warren H. Thompson 
T. Thorvaldson 
A. G. Timms 
Manuel A. de Torres 
G. E. Troxell 
Frank Sweeney Tuck 
I. L. Tyler 
Dayalal Ramji 
Vadgama 
Maurice P, Van Buren 
Charles A. Vollick 
Clarence Volp 
James D. Wall 
Ray V. Warren 
Stewart F. Weikel 
Alexander Weinbaum 
George Kk, Wendell 
E. C. Wenger 
Arthur J. Widmer 
G. M. Williams 
Richard J. Willson 
Edward Lewis Wilson 
George C. Wilanack 
Walter I. Winner 
Ralph E. Winslow 
Herman C. Witte 
Leslie P. Witte 
Harry C. Witter 
Henry 8, Witulski 
Robert TT. Wood 
Silas H. Woodard 
A. bk. Wynn 
R. B. Young 
Roy N. Young 


Bricklayers work under tent 


Bricklayers have replaced acrobats. as 
the feature attraction in a big-top circus 
tent near Cincinnati, according to Business 
Week reports. Pitched on the site of a new 
1,000-family building project, the tent was 
purchased by the builders to keep con- 
struction going The tent 
is raised over the foundation and sub- 
flooring of a new house and when bad 
weather comes, bricklayers move in from 
an Outside job and continue work. When 
the walls are 8 ft high the canvas moves 
Though the tent is 
intended mainly for wall construction, 
with longer center poles it might also be 
used for laying foundations and sub-floor- 


rain or shine. 


to a new location. 


ings. 


Modular standard building units 


based on the recommendations of the 
American Standards Association and the 
American Institute of Architects are 
featured in a 24-page illustrated booklet 
published by the Besser Manufacturing 
Co., Alpena, Michigan. Width, length, 
height and design of all modular concrete- 
block units made by Besser equipment 
are accompanied by artists’ renderings of 
block usage and photographs of the manu- 
The booklet 


facturing process, is dis- 


tributed by the Besser Company. 
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Radiant heating reports 


The American Society of Heating and 
Ventilating Engineers announces that 
radiant panel heating coils in the floor 
result in more uniform air temperatures 
from floor to ceiling than is the case with 
either wall or ceiling, according to a paper 
on “Air Temperature Gradients in a 
Panel Heated Room,” presented at the 
A.S.H.V.E. 54th annual meeting in 
New York, February 1-5. The authors, 
J. M. Ayres and B. W. Levy, are graduate 

(Continued on p. 18) 
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| “PRECISION” 


CEMENT TESTING 
EQUIPMENT 


A.S.T.M. VICAT APPARATUS FOR 
NORMAL CONSISTENCY AND 
SETTING TIME OF CEMENT 


March 1948 


Errata—Beams with intermediate ex- 
pansion hinges in rigid-frame bridges 


It has come to the attention of the 
editor that there are typographical errors 
in Fig. 24 and 25 in the paper by D. H. 
Pletta and Leonard C. Hollister, “Beams 
with Intermediate Expansion Hinges in 
Rigid-Frame Bridges”, ACI Journat, 
January 1939; Proc V. 35, p. 167. For 
members who file their JourNALs and 
who want to make corrections, Fig. 24 
and 25 are printed on the opposite page 
as they should be. 














Several A.S.T.M. tests specify this appa- 
ratus for determining the normal con- 
sistency and setting time of cement, 
hydrated lime for structural purposes, 
and gypsum plaster by indicating depth 
of penetration of a specified plunger into 
the sample during a specified time. Write 








for detailed literature No. 2-9Z. 


A.S.T.M. TENSION BRIQUET CEMENT MOLDS 
A.S.T.M. DESIGNATION C.77 
Built to exact dimensional tolerances as specified by the American 
Society for Testing Materials, ‘“‘Precision’’ Tension Briquet 
Molds have been greatly improved through the ust of solid 
Manganese Bronze Forgings which possesses great tensile 





strength and resistance 
to transverse stresses. 
Forged molds cannot 
be broken no matter 
+e) how severely they are 

handled. Write for de- 
tailed bulletin No. 2-5X, 


See Your pmo Supply Dealer 


Preci ision n Sc clentific | Company 


Scsenles Research and Production Cantrad beiinaaed 
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assistants in the School of Mechanical 
Engineering, Purdue University, where 
the test house in which the research was 
conducted is located. 

The tests reported were performed in 
the living room of the test house. The 
tests were run as closely as possible to 
outside temperatures of 15, 30 and 45 F. 
The air temperatures were measured by 
14 thermocouples mounted on stands and 
at 1 in. above the floor and below the 
ceiling and at 12 intermediate points. 

The results of this investigation indi- 
cate that floor panel operation caused 
uniform air temperatures within % 
degree between 1 ft. above and below 
the floor and ceiling respectively; this 
uniformity was maintained independent 
of load. The ceiling panel gradient, 
however, shows a maximum variation of 
8 degrees between the same points and a 
minimum variation of 4.5 degrees, the 
variation increasing with load. Air 
temperature gradients for exterior wall 
and interior wall panel operation ex- 
hibited almost identical curves and were 
an approximate mean between the floor 
and ceiling gradient shapes. 

Since these investigations concern only 
one structure, further tests of the same 
type in buildings of different construction 
and under different loading conditions 
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would prove of interest, the author 
concluded. 

Experiments conducted by R. &. 
Leigh, Chase Brass & Copper Co., and 
R. G. Vanderweil, consulting engineer, 
and reported in another A.S.H.V.E. 
paper entitled “Measurement of Heat 
Output. of a One Square Foot Panel’, 
indicate it is possible to predict the heat 
output of a radiant heating panel within 
an average of 3 percent. 

A graphical method of determining 
panel heat output proposed by Dr. F. E. 
Giesecke and adapted by Vanderweil, 
using charts for both floor and ceiling 
panel design, was employed. The authors 
conducted 161 tests on a one square foot 
panel, 111 being in the floor position, 50 
in the ceiling. The tests were conducted 
over a range of common room air temper- 
atures and room wall temperatures. 

Comparison of the test results with 
that indicated by the chart for correspond- 
ing conditions, showed that the maximum 
deviation cf test results from the chart 
was + 10 percent, but the average for all 
tests was only + 3 percent although the 
range of panel heat output was large 
from 27 to 125 BTU per sq ft (panel) 
(hour). The magnitude of the deviation 
was not related to the position of the 
panel, whether ceiling or floor, nor to the 
proximity of cold glass surfaces. 





SYNOPSES of recent ACI Papers and Reports 





Institute eapes of this JOURNAL 
Vol. 19. which are currently avail- 
able. Unless otherwise noted sepa- 
tate prints are 35 cents each. 

%* items are 50 cents, or more 
as indicated. Please order by title 
and title number. 


*BUILDING CODE REQUIREMENTS 

FOR REINFORCED CONCRETE (ACI 

Price 50 cents. 

REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 

64 (V. 44) in special covers 

Supersedes 43-15 

This code covers the per design and construction of 

buildings of ones heme som msedivong It is written in such a 

form that it may be incorporated verba adopted by 
F. | building code, and earlier editions 


tim or 





einag 
of it have been widely used in this mariner. 


Among the subjects covered are: quality of concrete 
allowable stresses; mixing, placing, curing and col 

weather protection of concrete; torms,; cleaning, bending, 
placing, splicing and protection of reinforcement; con- 
struction joints; general design considerations, flexural 
computations; shear and diagonal tension; bond and 
anchorage; flat slabs; columns and walls, and footings. 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
— OF A THIN CONCRETE 


S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Presented 
herein is the temperature history of a thin concrete dam, 
based on results of more than five years of observation. 


(Continued on p. 20) 
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Special ACI Publications and Compilations 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315-Detailing Reinforced Concrete Structures, A. J. Boase 
Chairman. The book is a large format, bound to lie flat, and presents typical engineering and 
placing drawings with discussion calling attention to important considerations in designing 


practice. It was prepared to simplify, speed and effect standardization in detailing. Price $3.00; 
to ACI Members $1.75. 


ACI Standards (1946) 


180 pages, 6 x 9, reprinting in one book, ACI current standards as listed on p. 64 but includ- 
ing the 1941 “Code”. Price $2.00; to ACI Members $1.25. (Pending release of a new book 
of standards, this book plus the revised “Code” (ACI 318-47) in a separate cover are available 
at the price of the book alone) 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by H. 
F. Gonnerman, “Tests of Concretes Containing Air-Entraining Portland cman or Air-Entraining 
Materials Added to Batch at Mixer”; and 61 pages of the contributions of 15 participants in a 
1944 ACI convention symposium, ‘‘Concretes Containing Ajir-Entraining Agents’, reprinted (in 
special covers) from the ACI JOURNAL for June 1944. Price $1.25; to ACI Members 75 cents. 


Air Entrainment in Concrete—Book 2 (1947) 


A 204-page compilation of information on air entrainment published after Book 1 (1944), 
including ‘Field Use of Cement Containing Vinsol Resin", and “Laboratory Studies of Concrete 
Containing Air-Entraining Admixtures” by C. E. Wuerpel; “‘Entrained Air in Concrete”, a fore- 
word and 14 short papers presented at the 1946 convention; and discussion of the symposium, 


reprinted from ACI JOURNALS for Sept. 1945, Feb., June and Dec. Part 2,1946. Price $2.25; 
to ACI Members $1.50. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611—Inspection of Concrete. 
It sets up what good practice requires of concrete inspectors and a background of information on 
the “why” of such good practice. Price $1.00; to ACI Members 75 cents. 


The Joint Committee Report (June 1940) 


The Report of Joint Committee on Standard Specifications for Concrete and Reinforced Con- 
crete, submitting ‘Recommended Practice and Standard Specifications for Concrete and Reinforced 
Concrete", represents the ten-year work of the third Joint Committee, consisting of affiliated 
committees of the American Concrete Institute, American Institute of Architects, American Rail- 
way Engineering Association, American Society of Civil Engineers, American Society for Testing 
Materials, and Portland Cement Ass'n. Published June 15, 1940; 140 pages. Price $1.50; to 
ACI Members $1.00. 


Reinforced Concrete Design Handbook (December 1939) 


Report of ACI Committee 317. From the committee's foreword: “One of the important ob- 
jectives of the committee has been to prepare tables covering as large a range of unit stresses as 
may be met in general practice. A second and equally important aim has been to reduce the 
design of members under combined bending and axial load to the same — form as is used in 
the solution of common flexural problems."" 132 pages. Price $2.00; to ACI Members $1.00. 


Concrete Primer (February 1928) 


Prepared for ACI by F. R. McMillan, it had five separate prints by the Institute alone (totalling 
nearly 70,000 copies). By special arrangement it has been translated and published abroad in 
many different languages. It is still going strong. In the foreword the author said: “This primer 
is an attempt to develop in simple terms the principles governing concrete mixtures and to show how 
a knowledge of these principles and of the properties of cement can be applied to the production 
of permanent structures in concrete." 46 pages; 25 cents (cheaper in quantity). 


For further information about ACI Membership and Publications address: 
AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature hind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


ENT-AGGREGATE REAC- 
ON IN CONCRETE............... 
Price 60 cents. 
NCAN McCONNELL, RICHARD C. MIELENZ 


DU 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
— — which are susceptible to attack by cement 
a ies. 

The expansion and cracking of the concrete result from 
osmotic pressures deuplaned tn alkalic silica gels that are 
produc partial dissolution of siliceous rock and 
mineral substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANELS........ 
BERT A. HALL—Oct. 1947, pp. 129-140 (V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and condensation impell 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take pace without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
oe the final curing period is shorterted by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 

Iz brine. Laboratory tests indicated deterioration 
was caused low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. At a certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
-GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
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vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
thatthere is in general an optimum gypsum content for each 
cement for minimum loss in weight, a different optimum for 
minimum Rorteniee and still a different optimum for mini- 
mum warping. The data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was still higher. Forthe other cements there was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE...........-. 


R. H, SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189.192 (V. 44) 


Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached to a 
reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


% CHEMICAL TEST FOR REACTIVITY 

OF CONCRETE AGGREGATES 

WITH CEMENT ALKALIES; CHEMI- 

CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 
Price 60 cents. 


RICHARD C, MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-224 (V. 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


days. 

The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of ike pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates ot different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 225-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Meth 
may be directly applied for panei point loads, other load- 
ings are resolved to equivalent panel point loads. _Iilus- 
trated solutions are develo for a six-story bent and an 
unsymmetrically loaded Vierendeel truss. 


(Continued on p. 22) 
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There’s one 100-proof way to guard your 
door against this fellow’s visit. 

There’s wolf poison in every U. S. Save 
ings Bond you buy. There’s sweet security, 
too—for your home, your family and your- 
self. 


U. S. Savings Bonds are 100% guaran- 
teed by Uncle Sam. They pay you $4 for 
every $3 you put in, after 10 years. 


Think of this profitable saving in terms 
of future comforts and luxuries. Think of 
the advantages it will mean for your chil- 
dren as they grow up. 

Think. THINK. THINK. 


Then start saving right away—today! 
Start saving automatically this sure, con- 
venient way. If you work for wages or sal- 
ary, enroll in the Payroll Savings Plan— 
the only installment buying plan. 

If you’re not eligible for this plan—if 
you’re in business but not on a payroll— 
ask your bank about the equally practical 
Bond-A-Month Plan. 


REMEMBER —L. S. Savings Bonds are 
poison to wolves! 


Automatic saving is sure saving— 


U.S. Savings Bonds 











{ 
. 
; 
' 
' 


Bi Ging EG 


rin 






22 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS....44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 
This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables inci three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
otal and plastic flow deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic flow prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
the large increases in deflections and strains that were 
tained over a five-year period. 


PRECASTING CONCRETE PIPE FOR 

E SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 
D. K. WOODIN—Nov. 1947, pp. 261-288 (Vol. 44) 
Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Steel cylinder 
and cage type of reinforcement and a combination of the 
two are descri Cement composition and properties 
and mix proportions are tabulated, vibration methods 
handling and storage difficulties, preparation of forms an 
reinforcement, placing of concrete and curing conditions 
are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR- 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, 4 in. in diameter, of three kinds, one plain 
and two deformed, were em ed in Haydite aggre- 
gate concrete. The load and slip at the pull-out ends 
were observed for bent and straight anchorages of each 
kind of bar, For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages. Differences 
in the lug height and lug-bearing area of the two deformed 
= — the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 

PRACTICE FOR WINTER CON- 

CRETING METHODS...............-44-13 
REPORT of COMMITTEE 604—Dec. 1947, pp. 309-388 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why” of some of the recommended practices. Charts 
in the appendix indicate effect of avine temperature on 
concrete Srangth, and a list of 135 selected references 
to periodical iterature on winter concreting methods is 
included. 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan. 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appeared 
as an editorial in Engineering-News Record, February 1, 

923, a few days her the Institute's 19th annual con- 
vention in Cincinnati nearly a quarter century ago. Com- 
ing to light recently in an ACI office scrapbook, it inspired 
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a re-appraisal of progress for ACI's 44th annual convention 
February 23-26, 1948. Through the courtesy of Engineer- 
ing-News Record it is republished as the point of de- 
parture for a full session at the 1948 convention in Denver. 


ECONOMY IN STRUCTURAL 
DESIGN 


1, E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 


High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for cutting cost, since expensive 
beam forms may be eliminated, story heights are decreased 
and pipe and conduit installations are simplified. Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 12-story 500-bed hospital. Five different 
designs (all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
least expensive, with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 
VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. .44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V. 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple method is described for detecting the 
presence in cinders of the impurities causing stains and 
some classes of pop-outs, and at least two practicable 
methods are presented for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA. ..44-17 
JOHN S. COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for concrete materials in China. Data are pre- 
sented on type, quality and availability of cement, rein- 
forcing steel aon forms. Aggregate sources, handling 
methods and gradation are discussed. Data on concrete 
strengths, mixing and placing, labor problems and costs 
are given. Concreting, mortar, masonry work and design 
of the Lung Chi Ho hydro development are described. 
Design and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods. 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war. 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed. 
Illustrations depict many of the almost primitive methods 
which must be employed. 


DESIGN OF RECTANGULAR TIED 
COLUMNS SUBJECT TO BENDING 
WITH STEEL IN ALL FACES.......44-18 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V. 44) 


One of the fastest accurate methods of designing rec- 
tangular tied columns, subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial load and proportioning the column to 
the requirements of the increased axial load. Present 
tabular data confine this procedure to steel in the end 
faces only. A method is proposed in this paper which 
permits a rapid design for steel in all faces for any rec- 
tangular section. 


(Continued on p. 24) 
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BLAW-KNOX HAS THE ANSWERS 
TO FASTER CONSTRUCTION 
AND BETTER QUALITY | 














paVvING FORMS 





The unbeatable combination of correct de- 
sign, rugged construction and assured per- 
formance has made Blaw-Knox equipment 
first choice of construction men who have a 
reputation for getting things done in a hurry. 
. . . You'll find this trouble-free equipment 
hard at work building roads, airports and 
general concrete construction all over the 
world, 
BLAW-KNOX DIVISION 
OF BLAW-KNOX CoO. : 
Farmers Bank Bldg., Pittsburgh 22, Pa. 
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PREVENTION OF DAMPNESS IN 
BASEMEN 


CYRUS C. FISHBURN—Feb. 1948, pp. 421-436 (V. 44) 


The selection of appropriate measures for a dry basement 
is upon a consideration of the external conditions 
at the site. Basements:may be located in well-drained 
or in saturated soil and meteorological conditions may be 
conducive to condensation within them. 
The drainage of surface and sub-surface water away from 
a basement is important where this is possible. Methods 
of constructing the walls and floors of new basements to 
event seepage and condensation are described. 
imple tests for determining the causes of dampness in 
existing basements are given and remedial treatments 
against dampness in them are outlined. 


HIGHLIGHTS OF THE DEVELOP- 

MENT OF REINFORCED CONCRETE 
AND THE STUDY OF BOND. eeeee - 44.20 
ARTHUR P. CLARK—Feb. 1948, pp. 437-440 (V. 44) 


This pepe is introduced by a brief history of the develop- 
ment of concrete and reinforced concrete since portland 
cement was first made about 125 years ago. The French 
are credited with the first use of reinforcement a little 
atter the middle of the 19th century. Widespread use of 
reinforced concrete began in the United States about 
1900. It was first designed by a few specialists, especially 
in Europe, in accordance with special reinforcement 
systems. 

As the art of using reinforced concrete developed, the 
sufficiency of the resistance of the plain bar to slippage 
was questioned and attempts were made to deform bars. 
Laboratory tests of bond were made as early as 1894 but 
were never extensive. Starting about 1943 the A. I. 5S. |. 
organized a committee of reinforced concrete research 
with the object of increasing our knowledge on the 
effective and economical use of reinforcement. 


LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 1—HISTORY AND SCOPE 44-21 


FR. McMILLAN and |. L. TYLER—Feb. 1948, pp. 441- 
456 (V. 44) 


A comprehensive investigation of portland cement in 
concrete is introduced by this brief paper outlining: (1) 
history of the study—advisory committee membership, 
development of the program, financing and scope of the 
investigation; (2) selection of cements; (3) tests of cement; 
(4) construction projects—test roads, exposure to sea 
water and sulfate soils, concrete in thin sections, ex- 
perimental farms and inspection of field projects, in 
which the behavior of cements will be studied over a 
qgates of years. 

he paper is the first of a series of as yet an undertermined 
number reporting the results of the long time study. 


* ANALYSIS OF NORMAL STRESSES 
IN REINFORCED CONCRETE 
SECTIONS UNDER SYMMETRICAL 


BE eeeeereee eee eeeereereer eee eeee 
MICHEL BAKHOUM—Feb. 1948, pp. 457-484 (V.44) 
Price 60 cents. 


This paper gives an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric 
forces, without the usual procedure of dividing the section 
into small strips. A simple solution is also given for the 
case of simple bending. Both solutions are further simpli- 
fi the use of curves and tables, which apply to all 
arrangements of reinforcement and can be used for almost 
all practical cases. 

A procedure has been devised to apply the same methods 
to the case in which concrete in tension is taken into 
consideration eventhough the modulus of elasticity in 
tension differs trom that in compression. Some examples 
are given for both cases. 
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CREEP OF STEEL AND CONCRETE 

IN RELATION TO PRESTRESSED 

COME eo ccccccccccccccccsccccc cs AGS 
GUSTAVE MAGNEL—Feb, 1948, pp. 485-500 (V..44) 


The author outlines methods and results of creep tests 
performed on three different samples of steel wire under 
constant load and constant length conditions. Preparation 
of concrete specimens prestressed by use of these same 
wires is described. tests on these specimens and 
non-prestressed concrete are compared and the differences 
in deformation are attributed to the combined creep of 
steel and concrete. Results of creep tests on steel alone 
are applied in order to ascertain creep of concrete alone. 
Concrete shrinkage, steel strains and steel and concrete 
creep are considered in recommending an anticipated 
percentage loss of prestress for design purposes. 


REPAIRING CONCRETE 
HYDRAULIC STRUCTURES......... -44-24 
CLAUDE GLIDDON—Mar. 1948, pp. 513-520 (V. 44) 


Seventeen years experience of the Gatineau Power Co. 
indicate that ordinary concrete, reinforced and unrein- 
forced, can be successfully used to repair hydraulic struc- 
tures. Elimination of leakage prior to surface repair, 
good bond between new and old concrete, and shrinkage 
of new concrete during setting to prevent cracking are 
important. A procedure for repair is outlined stressing 
the importance of experienced labor and supervision and 
briefly describing grouting, selection of materials, design 
strengths of concrete, preparation of surface, vibration 
forms, curing and joints. 


*BOND AND ANCHORAGE......44-25 
T. D. MYLREA—Mar. 1948, pp. 521-552 (V. 44) 
Price 60 cents. 


Pull-out resistance of embedded bars and bond strength 
in simple beams are compared. A study of distribution of 
bond unit stress, and of safety against bond failure in 
beams of uniform depth indicates the bond formula is 
safe in most such beams with bars extending full length. 
When all bars are full length, there is a definite relation 
between bar length and diameter, beyond which bond 
unit stress need not be computed. When steel tension 
is high, permissible bond unit stress is low. 

Bar extension and hooks are evaluated according to 
efficiency as anchors under high bond stress. Suggestions 
are made as to length of bearing on supports and cut-off 
points. It is shown that in wedge-shaped beams, brackets, 
tapered footings and the like, bond formulas now in use 
may give deceptively low stresses. 


%* LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 2—MANUFACTURE OF 

THE TEST CEMENTS................44-26 
F. R. McMILLAN and W. C. HANSEN—Mar. 1948, 
pp. 553-604 (V. 44) 

Price 60 cents. 


This paper is the second chapter of a series of reports. 
If contains a brief description of the manufacturing process 
of the 27 cements selected for this study of concrete 
durability. The cements are listed by type and geo- 
graphical location of the plants; chemical analyses of the 
raw materials are given and tabulations presented showing 
the following operations: preparation of the kiln feed, 
burning, cooling and storing of clinker; grinding and 
storing of the cements. 


Data are given on kiln temperatures, uniformity of the 
clinker weights and cement temperatures. 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 


Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 35 cents per copy 
Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents 270 ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 
30 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 35 cents per copy 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 


55 pages, $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
35 cents per copy (Reprint from ACI JOURNAL, June 1942) 

Proposed Recommended Stresses for Unreinforced Concrete 
Reported by Committee 322 as information and for discussion only. 4 pages, 
35 cents per copy. (Reprint from ACI JOURNAL, Nov. 1942) 

Proposed Recommended Practice for Winter Concreting Methods 


Reported by Committee 604 for information and discussion only. 20 pages, 
35 cents per copy. (Reprint from AC] JOURNAL, Dec. 1947) 
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Discussion—Continued from back cover 


Discussion closes June 1, 1948 


Feb. Ji. '48 
Prevention of Dampness in Basements—Cyrus C. Fishburn 


a ge of the Development of Reinforced Concrete and the Say of Bond—Arthur 
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Analysis of Normal Stresses in Reinforced Concrete rae under Symmetrical Bending 
—Michel Bakhoum 


Creep of Steel and Concrete in Relation to Prestressed Concrete—Gustave Magnel 


Discussion closes July 1, 1948 
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Repairing Concrete Hydraulic Structures—Claude Gliddon 


Bond and Anchorage—T. D. Mylrea 


Long-Time Study of Cement Performance in Concrete, Chapter 2—Manufacture of the 
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Discussion of a paper by F. R. McMillan and W. C. Hansen: 


Long-Time Study of Cement Performance in Concrete 


Chapter 2—Manufacture of the Test Cements * 
By HARRY L. McNEILL and AUTHORS 


By HARRY L. McNEILLT . 
We are interested in the paper by F. R. McMillan and W. C. Hansen, 


and would like to ascertain the kiln speeds for Table 2-10 (p. 582) 
which shows the clinker size produced in the different operations. 


AUTHORS’ CLOSURE 


Average kiln speeds for Table 2-10 are available for all but three of 
the cements. The averages are indicated below: 


Cement No. | Kiln speed, | Cement No. | Kiln speed, 


rev, per hr. rev. per hr. 
11-11T 37 24 47 
12-12T 17 31 16 
13 24 33-33T 50 
14 49 34 69 
16 52 41 48 
17 53 42 69 
18 68 13 47 
21-21T 67 43A 49 
22 16 51 33 


*ACI Jounnat, March 1948, Proc. V. 44, pp. 553. 
tStearns-Roger Manufacturing Co., Denver, Colo. 
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President’s Address* 
By STANTON WALKERT 


Member American Concrete Institute 


SYNOPSIS 


Mr. Walker discusses the unique position of the Institute as a 
professional organization—its administrative set-up, its publication 
policies and achievements, its committee undertakings—presenting 
a qualitative evaluation of its accomplishments. 


This retiring President, while he does a considerable amount of public 
speaking on various subjects, mostly technical, is not accustomed to 
making “addresses.”’ It is hoped that you will be forbearing if he does 
not adhere to the conventions of such presentations as closely as would 
one better schooled in the art. 

What I have to say is informal and relatively brief. I want first to 
record the great satisfaction which I have found in the honor which you 
paid me when you elected me President. That honor is enhanced in my 
eyes when I consider that the American Concrete Institute is the only 
technical organization in this country, national in scope and composed 
mostly of professional people, devoted solely to advancement of knowl- 
edge of concrete. In that respect it is unique. 

Next I wish to say something of the pleasure which I have had in 
carrying out the functions of the office. While it carries with it no grant 
of executive authority, the President, is, nevertheless, brought more 
closely in touch with the day-to-day operations of the Institute than ever 
before. He is far better able than he would be otherwise to understand 
the complexities of some of the problems of administration. 

Based on this behind-the-scenes knowledge, let me say that I think 
the Institute has an excellent and efficient staff which performs a job of 
multitudinous detail in a manner deserving of your hearty commenda- 
~ *At the Institute’s 44th Annual Convention dinner, Denver, Feb. 24, 1948. 


tDirector of Engineering, National Sand and Gravel Association and National Ready Mixed Concrete 
Association, Washington, D. C 
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tion. Harvey Whipple, our Secretary-Treasurer, came to the Institute 
on November 1, 1919. Since that time, almost 30 years, I venture to 
say that substantially all of his thinking during his waking hours has 
been in the interest of the Institute. Ethel B. Wilson, Assistant Treasurer 
has given much to the Institute, including the major part of her adult 
life. She came to the Institute in 1923 and in April of this year will have 
completed 25 years of service. She has served in every capacity from 
that of stenographer-bookkeeper to acting secretary-treasurer. 

These are the two people who have kept the Institute active during the 
years, which have included some when the going was tough. Additional 
staff has ranged from nothing to a few. With the return of better econo- 
mic conditions, the staff has been increased. It now numbers ten. 

Two years ago we secured an Assistant Secretary. He is Fred F. Van 
Atta, a civil engineer in his middle thirties with, it seems to me, an 
aptitude for doing the work required of his position. Mrs. Hall and Miss 
Williams have performed efficiently as Editorial Secretary and as Mem- 
bership Secretary respectively. A recent addition to the staff, princi- 
pally to assist in technical editorial work, is a young lady with a degree in 
civil engineering from Iowa State College, Mary Krumboltz. 

Most of the presidential addresses which I have reviewed have at- 
tempted some appraisal of the Institute and some have offered recom- 
mendations on future policy. I know of no reason why I should change 
the pattern. I shall endeavor to find a somewhat different approach— 
perhaps distribute the emphasis differently. I can promise one differ- 
ence; mine will not be a quantitative evaluation; it will be informal and 
wholly qualitative. 


Most of you know how the Institute functions—by means of what 
machinery it functions—in the pursuit of its objectives. If you do not, 
and wish to know in detail, I refer you to the current Directory where the 
Charter, By-Laws and Committee Regulations and Organization are 
given. I shall not burden you with any such technical detail. However, 
let me point to some of the results of the functioning. 


You know about the JourNAL and of the incentive which it lends, 
because of its high standards and the authoritative nature of itscontents, 
to any writer in the concrete field to offer his contributions for publica- 
tion there. The JourNAL is the tangible evidence and permanent 
record of the Institute’s accomplishments. It is not, let me emphasize, 
the Institute’s accomplishment—a quite different matter. It is a means 
to an end and not to be confused with the end. 


The Journat is widely recognized as a reference source of the best 
technical information on practically all phases of concrete and partic- 
ularly those dealing with improvements in quality and economy. It 
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provides a medium by which the recommendations of our committees, 
released only after the most critical examination, are made available for 
practical application. It provides a medium where specialists in the 
concrete field make their knowledge available to others. 


We should guard the reputation of the JourNAL with the utmost 
jealousy. High standards should continue to guide the quality of the 
material that is accepted for publication and those standards should be 
reviewed from time to time. The JouRNAL is not just another periodical. 
It is, among other things, the Proceedings of a professional organization. 


In addition to standards, recommended practices and other committee 
reports, about which I shall comment later, the JouRNAL, or the Pro- 
ceedings, has included such outstanding papers as the 50-odd which have 
received special awards since 1916. I hesitate to name any papers as 
examples, for fear of implied comparisons. Then there have been valuable 
symposia, such as the recent two on air entrainment, and I am sure there 
will be others in the future. 


Just a few more words about the JouRrNAL. To me, and I suspect to 
many others who need as I do to keep in touch with current literature, 
the Current Reviews Section, listing the contemporary literature of 
concrete, is a most valuable adjunct. I suggest that more emphasis 
be placed on it. I am inclined to believe that the Job Problems and 
Practice Section of the JourNAL should be discontinued as such. I 
do not mean to say that bona-fide questions, which are of interest to a 
substantial group, should not be covered. By all means, they should 
be covered! I believe, however, that the problem can be handled without 
obligating the editorial staff to maintain a formal department in the 
JouRNAL. The JourNAL does not need to cater to popular taste. We 
do not have to sell the JouRNAL,; it sells itself. 


The Institute has a very great opportunity to serve its membership 
and the public through its committee activities and, in my opinion, it has 
availed itself of that opportunity to a reasonably sakietiie ‘tory degree. I 
say “reasonably” because if I did not use some modifier I would imply 
that we do not need to seek improvement. Of course, we do! 

Schematically, and illustratively, our committee structure is: 

1. Your elected Board of Direction, with over-all authority. 

2. The Technical Activities Committee—a sort of master committee— 
’ appointed by the Board of Direction. 


The Standards Committee, again, appointed by the Board. 


4. A considerable group of technical committees appointed to do 
various specific jobs. 
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The technical committees just mentioned are established on the 
advice of the Technical Activities Committee. Their membership, I 
can say with confidence based on experience, is selected with great care 
so that all points of view are represented. There are no rules or regula- 
tions as to balance between producer, consumer, and the like but I 
suggest that those factors are taken into account better than if there 
were specific rules. So, when a committee’s recommended practice or 
standard comes out you can be assured that it has been viewed most 
critically from the point of view of divergent interests. 

Accordingly, any Standard or Recommended Practice has been con- 
tributed to and scrutinized by users, producers and by those with an 
academic interest in the subject. Then, before presentation to the 
membership for their ballot, such a report must run the gauntlet of the 
Standards Committee, a sort of Supreme Court, whose duty it is to 
assure that all established safeguards have been observed. 


I know of no other technical organization that has served its members, 
and the public, with its committee work better than the ACI. To make a 
quantitative evaluation of that work would be impossible; but, its real 
value is plain enough for all to see. Let me give you a few examples. 

Consider the Building Code—or, more formally, the ‘Building Code 
Requirements for Reinforced Concrete.”” It serves as the basis for the 
code requirements pertaining to concrete of pri.ctically all municipalties 
of any size in the country. It has been approved as a standard of the 
American Standards Association and, therefore, will receive increased 
attention outside of the United States. It is widely used by other code- 
writing bodies national in scope. 


The ‘Detailing Manual” affords what is perhaps the most spectacular 
evidence of the Institute fulfilling a much felt need. While only of recent 
origin, it is widely used in engineering offices; it is a text in many schools 
and colleges; it has been adopted in substance by the Engineering 
Corps of the Army and Navy; it has become the Bible of the draftsman 
and of the steel fabricator. As warm as the reception to the Manual 
has been, it is recognized as incomplete. It is pointed to building con- 
struction; it leaves uncovered the detailing problems of specialized struc- 
tures such as bridges. Plans are already under way to expand it. 


We cannot spare the time to accord all committee efforts special 
mention but permit me, at least, to list some additional contributions, 
the practical applications of which are most readily seen. The Com- 
mittee on Bond Stress has produced a method of test evaluating different 
types of bars and it is now studying data on bond from all sources with 
the view of preparing recommendations which will, probably, (inevitably 
one of the committee says) lead to changes in the Building Code. The 
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Committee on Recommended Practice for the Design of Concrete Mixes 
has performed a noteworthy service; its recommendation should be, and I 
am confident will be, reviewed at frequent intervals to keep abreast of 
current practice. The report on Winter Concreting Methods, before you 
at this meeting, is another example. 

Inspection, Admixtures, Plastic Flow, Light-Weight Aggregates, 
Bridges, Precast Concrete, Paints and so on and so on—we just cannot 
take the time to discuss accomplishments and potentialities of the 30- 
odd committees now established. 

On the whole I feel that our committee procedures have worked well. 
Of course, there have been occasional expressions of dissatisfaction with 
what have been called leisurely and cumbersome approaches. However, 
in my opinion, no committee work should ever proceed so rapidly that 
only a few can participate in it, except in special cases designed for such 
handling. We can best serve the Institute, and the public, by having 
committee work proceed in an orderly and judicious manner. 

If the work of committees is to be productive, it must give complete 
consideration to the many different points of view. That means that 
any standard or recommended practice will include many compromises. 
If they do not include them, they will never serve as useful a purpose 
as they might have—if indeed they serve any purpose. A standard or 
recommended practice must be practical, in the sense that it is acceptable 
to the majority of sensible and reasonably well informed men. 

I can name no standard or recommended practice of the Institute 
for which these so-necessary safeguards have not been observed. How- 
ever, I stress the point because I think it important enough to be held 
up to the light from time to time. 


There are other matters which might be discussed. I shall limit 
myself to only one more item. At the outset I referred to our staff and 
to the important job which it is performing in a manner to deserve your 
commendation. I think the staff, through the Secretary-Treasurer, 
should be afforded an opportunity to report on the Institute annually. 
Such a report would make the membership better acquainted with the 
Institute and, I believe, increase its feeling of being a part of the organiza- 
tion. 

It should be of interest, for example, to you to know that the In- 
stitute is in a healthy financial condition; that the new venture of selling 
advertising in each issue shows promise of success and, for that reason, 
should permit of expanding the Institute’s usefulness. It is not the duty 
of the President to tell you these things! The opportunity should be 
afforded for them to be told you by the administrative staff; such a report 
should be an annual requirement. 
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Well, I guess that is about all! My “tour” as President will be soon 
be over. However, I hope that my active participation in the affairs of 
the Institute will not end for many years. I enjoy my associations with 
you, the members, the officers and the staff and I do not propose to deny 
myself the pleasure of continuing them. 
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Effect of Carbon Black and Black Iron Oxide on 
Air Content and Durability of Concrete* 


By THOMAS G. TAYLORt 


Member American Concrete Institute 


SYNOPSIS 


The practice of using air-entraining cement and air-entraining ad- 
mixtures has made it necessary to re-examine many of the materials 
added to concrete to determine their effect on these types of concrete. 
This paper reports tests made to determine the effect of certain coloring 
agents on the air content and durability of concrete. 


The tests indicate that some materials when added to concrete reduce 
the capacity of the cement to entrain air and thereby reduce the re- 
sistance of the concrete to freezing and thawing. A recommended pro- 
cedure for evaluating coloring agents for use in air-entraining concrete 
is given. 


INTRODUCTION 


For aesthetic as well as practical reasons the contractor is sometimes 
required to change the natural color of concrete. Some communities 
prefer a dark concrete for their streets, drives and parkways believing 
that it fits in better with their landscaping. Colors are also frequently 
used in architectural concrete, cast stone and other precast concrete 
building units. 

Another use made of dark concrete is for paving certain acceleration, 
deceleration and access lanes at intersections of express highways. Here 
the use of concrete of a contrasting color serves a practical purpose in 
helping to bring the driver’s attention to the function served by the 
particular lane over which he is driving. 

Materials most commonly used for giving concrete a dark color are 
black iron oxide powders and carbon black emulsions. These materials 
are generally added at the mixer and are generally used only in the top 


*Received by the Institute January 15, 1048, ‘ : 
tResearch Engineer, Portland Cement Association Research Laboratories, Chicago, Il. 
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or exposed course of the concrete slab. This is the portion of the slab, 
however, which is exposed to severe frost action and to the attack of 
salts used to remove ice. It was the result of efforts to produce a more 
durable concrete for exposure to such severe conditions as these that air- 
entraining cement was developed, and this type of cement has now come 
into wide use for all types of structures in the northern states. 


Field reports on the performance of colored concrete pavements 
coupled with tests by some laboratories have indicated that certain 
carbon black emulsions reduce the air content of concrete when used as 
coloring agents. Since the presence of entrained air is responsible for 
the increased durability of concrete made with air-entraining cement, 
question has been raised as to what effect the use of coloring agents 
might have on both the air content and the durability of these concretes. 
Therefore, it was decided to obtain more complete information on the use 
of such materials, particularly their effect on the air content and dur- 
ability of these concretes. 


SCOPE OF TESTS 
Coloring materials 


This report presents data which have been accumulated during the 
last several months in tests of concretes and mortars containing a few 
of the black coloring agents commonly used. Their effect on air content, 
strength, and durability is discussed and recommendations are made for 
selecting a coloring material which will have the least adverse effect on 
these properties of the concrete. 

Six coloring materials were used in this investigation: five were carbon 
black emulsions and one was a black iron oxide powder. These were 
described by the manufacturers as follows: 

Lot 17397—A carbon black emulsion containing 30 percent of 
pigment by weight. 

Lot 17398—A carbon black emulsion containing 25 percent of 
pigment by weight. 

Lot 17410—A carbon black emulsion containing an agent added for 
the purpose of offsetting the tendency of the carbon 
black to reduce the air entrained in concrete. 

Lot 17411—A carbon black emulsion. 


Lot 17561—A carbon black emulsion proposed for use with air-en- 
training cement. 
Lot 17432—A black iron oxide powder. 


Mortar tests 
Each of the coloring materials was used with an air-entraining cement 
in tests to determine the effect on the air content of 1-4 standard 20-30 
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Ottawa sand mortar. Various amounts of the coloring material from 1 
up to 6 percent by weight of the cement were used. 
Concrete tests 
Tests were also made to determine the effect of the coloring agents 
on the air content, strength, and durability of concrete. Flexural and 
compressive (modified cube) strength tests were made on 3 x 3 x 114-in. 
prisms. Freezing and thawing tests were made on 3x3 x 11\%-in. 
prisms and 3 x 6 x 15-in. slabs. For the strength and durability tests 
the coloring agents were used in amounts of 3 and 6 percent by weight 
of the cement with each of the following types of cement: 
1. Type I, a laboratory mixture of equal parts of four commercial 
cements, 
2. Type I (the laboratory mixture) plus 0.0125 percent (by weight) 
Vinsol resin, 
3. Type IA, a commercial cement. 


Six percent of coloring agent by weight of cement is about the maximum 
which might be used in concrete work. The amount of coloring agent 
specified for highway work is generally not greater than 2 percent by 
weight of the cement. 


EFFECT OF COLORING AGENTS ON AIR CONTENT OF 
MORTAR AND CONCRETE 


Air content of 1-4 standard Ottawa sand mortar 

Each of the six coloring agents was used with a Type IA cement, Lot 
17442, in the test for air content of portland cement mortar, ASTM 
C185-46T. Five percentages—0, 1, 2, 4, and 6—of each agent were 
used. These cover the range of percentages generally used in most types 
of concrete. The results are tabulated in Table 1* and are plotted in Fig. 
i.” 

In general the water requirement of the mortar was increased and the 
air content reduced as the percentage of coloring agent was increased. 
The reduction in air content varied from a small amount with Lot 17561 
to as much as 83 percent for one of the carbon black emulsions (Lot 17411). 
Carbon black emulsion, Lot 17561, which was prepared especially for 
use in air-entraining concrete gave little or no reduction in air content of 
1-4 standard mortar when used in amounts of 1 to 6 percent by weight of 
cement. The water requirement for mortar containing 6 percent of this 
coloring agent was slightly lower than for the uncolored mortar. 

Air content of concrete 

Results of tests on fresh concrete to determine the effect of additions 
of coloring materials on the air content and other properties of the mix 
~~ *Tables and figures will be found at end of text. 
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are given in Table 2. Some of the data have been plotted in Fig. 2 to 5. 
The properties reported in Table 2 for the fresh concrete are based on 
yield tests in which a yield cone the size and shape of a standard slump 
cone (volume of 0.203 cu ft) was used. Air contents were computed on a 
gravimetric basis, using data obtained in the yield tests, following the 
general procedure outlined in ASTM C138-44. 

In Table .2 for concretes made with the air-entraining cement (Group 
3 tests), the coloring agents have been arranged in descending order of 
air content of the mixes containing 3 percent of coloring agent. For 
convenience in comparing these results with those obtained with the 
other cements, the coloring agents in Group 1 and 2 tests have been 
listed in the same order as in Group 3. This order of arrangement is also 
followed in Table 3 which will be discussed later. 

The general effect of the addition of carbon black and black iron oxide 
to a concrete mix was a reduction in air content from that of the un- 
colored mix for each of the three cements used. However, there were 
two exceptions, both for concrete made with Type I cement (Fig. 2). 
With this cement the dispersed black, Lot 17410, and the air-entraining 
black emulsion, Lot 17561, increased the air content when used in 
amounts of 3 to 6 percent by weight of the cement. 

When the coloring agents were used with the air-entraining concrete 
made with a Type I cement plus Vinsol resin solution, or a Type IA 
cement, the air content was reduced in all cases (Table 2 and Fig. 3 and 
4). Here the reduction in air content ranged from a moderate loss with 
the black iron oxide, Lot 17432, and carbon black emulsion, Lot 17561, 
to almost complete elimination of entrained air when the emulsified 
carbon black, Lot 17411, was used. ~ The remaining coloring agents gave 
intermediate results. With one exception, the use of 6 percent of the 
coloring agents caused a greater reduction in air content than 3 percent. 
The one exception was a carbon black emulsion, Lot 17561, when used 
with the Type I cement plus Vinsol resin solution. 


RELATIONSHIP BETWEEN AIR CONTENT OF MORTAR AND CONCRETE 

Fig. 5 shows a comparison between the air content of mortar and the 
air content of fresh concrete made with Type IA cement, Lot 17442. 
The curve drawn through the plotted points follows the general relation- 
ship usually found between the air content of fresh concrete and that of 
1-4 standard sand mortar. Thus the relationship between the air content 
of 1-4 standard sand mortar and that of fresh concrete was not materially 
altered by the coloring agents used in this investigation. 


EFFECT OF COLORING AGENTS ON STRENGTH OF CONCRETE 


Results of tests for modulus of rupture of 3 x 3 x 1144-in. prisms and 
compressive strength tests are reported in Table 2. A study of these data 











EFFECT OF CARBON BLACK AND BLACK IRON OXIDE 617 


indicates that the effect of the coloring agent on the strength of concrete 
made with Type I cement was variable. The coloring agents reduced 
the flexural strengths for 9 of the 12 mixes while they increased the com- 
pressive strengths in 8 of the 12 mixes. 

For the Type I cement plus 0.0125 percent Vinsol resin added at the 
mixer the flexural and compressive strengths of all mixes containing 
coloring agents were higher than the corresponding mix without coloring 
agent. These higher strengths were probably due to the reduction in air 
content of the concrete by the coloring agents. 

For the Type IA cement the flexural strengths of about half of the 
specimens containing coloring agents were below and half above those of 
the specimens made without coloring agents. The compressive strengths 
of the colored concrete, however, weré generally higher than for the 
uncolored concrete. 


EFFECT OF COLORING AGENT ON DURABILITY OF CONCRETE 
Resistance to freezing and thawing 

Results of freezing and thawing tests made on 3 x 3 x 114%-in. prisms 
frozen and thawed in water are given in Table 3. The last two 
columns for each condition of test give the maximum number of cycles 
to which the specimens were subjected together with the corresponding 
percent expansion, gain or loss in weight, or change in dynamic modulus 
of elasticity. All tests were discontinued after 350 cycles of freezing and 
thawing regardless of the extent of failure of the specimens. 

When used with the Type I cement, additions of the coloring agent 
in eight of 12 cases reduced the air conient below that of the plain mix 
and for all of these the expansions were somewhat higher than for the 
plain mix. Two of the coloring agents effected an increase in air content. 
One of these materials, Lot 17410, improved the resistance to freezing 
and thawing, while the other, Lot 17561, appears to have had a detri- 
mental effect which was not compensated for by the increased amount 
of air. At 150 cycles the expansion was greatest for the specimens con- 
taining Lot 17561, while it was lowest for those containing Lot 17410. 
These length changes are, in general, corroborated by the changes in 
weight and in sonic modulus of elasticity. 

When used with the laboratory mixture, Lot 16716 plus 0.0125 percent 
Vinsol resin, or with the air-entraining cement, Lot 17442, all of the 
coloring agents reduced the air contents of the concrete to some extent. 
Considering the data on expansion, loss in weight and sonic modulus of 
elasticity it will be seen that the resistance to freezing and thawing at 
the maximum number of cycles also was generally, but not always, 
reduced by the use of coloring agents with these cements. The effect 
on resistance to freezing and thawing was not very great for some of the 
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coloring agents and while it was not always directly proportional to the 
reduction in air content, it was greatest for those coloring agents which 
caused the greatest reduction in air content. In some cases reductions 
in air content had less influence on the expansion and sonic modulus of 
elasticity of the specimens during freezing and thawing than they had on 
loss in weight. 

In previous tests made in this laboratory, carbon black (Cem-Beads) 
interground with non-air-entraining cements caused a pronounced re- 
duction in the resistance to freezing and thawing. 


Resistance to surface scaling 

Results of tests to determine the relative resistance of concrete sur- 
faces to scaling when flake calcium chloride is used for ice removal are 
also reported in Table 3. 

With the non-air-entraining laboratory mixture, Lot 16716, all except 
one of the concrete specimens containing coloring agents scaled as much 
or more than the specimens without coloring agent. Specimens made 
with coloring agent, 17410, which caused an increase in air content of 
the concrete, showed somewhat better resistance than the uncolored 
specimens when made with 3 percent, and about the same resistance 
when made with 6 percent of the coloring agent. On the other hand con- 
crete made with coloring agent, Lot 17561, which had the highest air 
content of any of the concretes made with this non-air-entraining cement, 
showed poor scaling resistance. Apparently the air entrained by this 
coloring material was not great enough to overcome the adverse effect of 
some Other properties of the coloring agent which may have tended to 
reduce the resistance to freezing and thawing. 

Specimens made with laboratory mixture, Lot 16716, plus 0.0125 per- 
cent Vinsol resin, or with air-entraining cement, Lot 17442, and contain- 
ing the coloring agents showed poorer resistance to surface scaling than 
companion specimens made without coloring agents when the coloring 
agents markedly reduced the air content of the concrete. Specimens 
made with these cements and coloring agent, Lot 17561, showed poorer 
resistance than the uncolored concrete even though the air contents were 
over 3 percent while some of the other materials showed as high resist- 
ance although the air contents were below 3 percent. 


PROCEDURE FOR EVALUTING COLORING AGENTS FOR USE 
IN AIR-ENTRAINING CONCRETE 


In selecting coloring materials for use in air-entraining concrete, 
extreme care will have to be exercised if the full benefits of air entrain- 
ment are to be realized. In selecting any coloring material to be used in 
exposed, air-entraining concrete, the following procedure is recommended: 
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1. If possible select a coloring agent which has given good service 
under similar exposure conditions, 

2. If no service record is available for the coloring agent under 
consideration, make tests of comparable concretes with and 
without the coloring agent to determine its effect on air content 
and resistance to freezing and thawing. From these results 
determine whether satisfactory service can be expected of the 
concrete containing the agent. * 


SUMMARY 


The results of the tests made in this investigation may be summarized 
as follows: 

1. The air content of 1-4 standard Ottawa sand mortar was gen- 
erally reduced by the use of a commercial carbon black emulsion 
as a coloring agent, unless specially manufactured for use with 
air-entraining cements. ; 

2. Black iron oxide and carbon black coloring agents, except 
the special air-entraining types, reduced the air content of 
concretes made with non-air-entraining cements as well as 
that of coneretes made with air-entraining cement and air- 
entraining admixtures. 

3. The relationship between the air content of 1-4 standard Ottawa 
sand mortar and the air content of concrete applies in general to 
concrete and mortar containing carbon black coloring agents as 
well as to uncolored mortars and concretes. 

4. The effect of the coloring agents on strength was variable: 

a. When used with non-air-entraining cement, flexural 
and compressive strengths of the colored concrete varied 
above and below those of the uncolored concrete depending 
upon the material used. 

b. With the non-air-entraining cement plus 0.0125 percent 
Vinsol resin, flexural and compressive strengths were higher 
for the colored concrete specimens than for the uncolored 
concrete specimens, 

ce. For the air-entraining cement about one-half the colored 
concrete specimens had flexural strengths above and 
one-half below those of the uncolored concrete specimens 
while the compressive strengths of the colored concrete 
specimens were generally higher than the uncolored 
specimens. 


*Determination of the effect of a coloring agent on the air content of concrete is not considered sufficient 
to insure the choice of a material which will produce concrete of satisfactory durability. Concrete made with 
carbon black, Lot 17561, and non-air-entraining cement showed higher air contents than the same concrete 
without the coloring material but the resistance to freezing and thawing was not increased in proportion, 
This indicates that some agents, while capable of entraining air, may possess other properties which more 
than counterbalance the effect of the entrained air. 
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5. Coloring agents caused a reduction in flexural strength more 
often than a reduction in compressive strength. Of the 36 
mixes containing coloring agents, 15 had flexural strengths 
which were lower than the corresponding uncolored mix while 
only six had compressive strengths lower than the corresponding 
uncolored mix, 

6. In general the resistance to freezing and thawing, both of 
3x3x11\%-in. prisms and 3x 6x 15-in. slabs, was reduced 
by the use of the coloring agents tested; the reduction in re- 
sistance to freezing and thawing was usually greatest for the 
concretes containing the coloring agent causing the greatest 
reduction in air content. 


TABLE 1—EFFECT OF COLORING AGENTS ON THE AIR CONTENT OF 
1-4 STANDARD SAND MORTAR 


‘Teata for air content of mortar were made in accordance with ‘Tentative Method of Teat for Air Content 
of Portland-Cement Mortar, ASTM Designation CIS5-407T." 

The coloring agenta were added to the mix in the mixing water 

Cement—Lot 17442 « commercial Type LA cement wan used 

Teata with coloring agent, Lot 17561, were made approximately 5 monthe after tests with the other 
materials were completed 


Water for standard flow Air content of 1-4 standard 
Coloring for percent of agent wand mortar for percent 
agent indicated, percent of agent indicated, percent 
Lot No. 
0 | 2 4 6 0 ] 2 1 6 
17407 57 59 60 66 70 19.8 18.9 16.6 12.1 % 6 
17308 57 5S OS OO 6I 19.8 19.90 18.5 16.6 15.4 
17410 S7 57 5Y 6O 61 19.8 19.6 17.0 16.1 16.4 
17411 f7 63 70 74 72 19.8 13.2 7.4 3.49) 4.4 
17452 57 568 50 6O 61 wie te.2. 30.4 7.7 6.8 
17561 57 50 50 50 56 9.0 19.0 18.3 17.1 19.0 
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HARDENED CONCRETE AT AGE OF 38 DAYS « 
Auvuregate Elgin, linois sand and Dresser Junction, Wisconein trap rock coarse agwzregate : 
Percent aand Non-air-entraining mixes— 43 percent by weight ’ 
Air-entraining mixen 10 percent by weight ’ 
Each value representa the average of three teste made on different days except for those reference numbers 
indicated by an asteriak, where owing to a shortage of materials only one or two testa were made, ¥ 
Hardened concrete strength specimens were cured 1 day in molds under damp burlap, 15 days in moiat 
room, 21 daye in air of laboratory and then 4 daya in water before teat at age of 38 days 
Mlexural strength data are the resulta of tests on 3x 3x Li Mein pee tested by third point loading 
on a 10ein, apan, Compressive atrength data are the results of modified cube teata made on sections of 
specimens remaining after teat for modulus of rupture 
In each of the groups of teats the coloring agents are arranged in the order of descending air contents 
obtained with the air-entraining cement (Group 4 teats) and 3 percent of coloring agent, Air contenta were “ 
computed on a gravimetric basin using yield teat data ! 
| . 
reah concrete Hardened concrete 
Vinaol Coloring 
Ref renin, agent Vlexural Compres 3? 
No percent W/C Cement, Slump, Unit wt Air atrength rive ‘ 
wt. of Lat Vercent wal ak. per in Ib per cont pri strength, 
coment No by wt.) perak. eu yd eu ft percent OS day } pet 
t% daye ,* 
(jroup 1 I'ype I cement, laboratory mixture, Lot 16716 : 
! None None > 5.08 2.6 158.0 0.84 BOO 7000 
10 17442 ‘ 77 > OS 4.0 158.8 O.24 70h 7520 ‘ 
11 Was eu 5 06 2.8 158.1 oO. 048 Hoy | 7480 
1s 175061 ' 54 8S 2.6 155.8 * = 7400] 100 
ay ool “ > 20 > BO 26 155.4 2.07 740 S150 i 
UJ 174008 é > 18 6.02 2.6 158 8 oa | S70 S450 
) 17408 > 04 5.0 2.4 158.5 O.51 S75 | SOS0 : 
“* 7410 27 hws 26 166.7 1.62 8500 | O00 2 
‘* 7410 .) »07 oul 2.6 ioi.4 100 B45 | 7RAO 
2 17407 4 | 6.16 6.01 2.3 1586 ow | AAS S00 
5 17407 i >, 24 > US 2.8 158.6 0 OS S40 SU40 “ 
a 740i ; 42 ho 2. 158.5 0.20 Rh S070 + 
o | i741l 6 » 24 > 0s $3.2 158.5 0.01 S44 7a ; 
| | ¥ 
CGiroup 2 Type I cement, laboratory mixture, Lot 16716 plus 0.0125 percent Vinaol resin 
WZ O O125 None 16 6.04 27 1.0 5,61 25 
vl oO. O18S re ‘ 1 04 2.6 v6 175 705 
22 O.OoWws | Was 6 > 18 6.00 2.8 152.7 +80 770 ‘ 
10) Oo O1US 71 ‘ » O08 “0.08 a.¢ 154.4 Ww 785 ; 
1! Oo O125 Wael “ 1&5 “Ol é,1 142.3 14 705 4 
ip O.0125 17408 ' 14 625 2.5 17 2.70 Si S700 } 
16 O O185 174008 “ 142 6.27 2.4 158.1 1.58 BAO OM) | 
hoe O Ores 740 ' 17s 6.25 2.2 157.4 200 uno ASSO V¢ 
1s* 0 O125 740 6 iu 6.22 2.4 157.2 1.01 OO NZNO * 
i) Oo O1ws W707 ‘4 1.74 6.27 :2 Iss 0 1.73 a70 Sooo 
i4 O.O12S 17407 1 S84 “U7 , 1588 0o.%1 MSS s/40 
iA) O O1eS 17411 a] 1.8 “20 2.6 Ue | 0 5S BAS aHO0 : 
") Oo O185 174i 174 “640 Ph im4 0 v7 xO AvOO j 
is 
Croup 3 Fype LA cement, Lot 17442 * 
yp None None 1.02 ) O8 2.8 ma 0 > oO 740 Ouo0 7 
Ww any 1 14 oOo 2.5 ra.2 1 ti Oso SaTO 
i) 74a Lt 27 6068 2.7 1h 8 2.57 “70 oS00 4 
iy 751 } » vad 6.08 2.8 141 1.23 avo a7 
i i7s61 386 io “6.00 2.2 164.5 4.00 735 =| )~=|=67820 ‘? 
“0 17408 ‘ 178 “6. 2.6 me 1 287 775 7600 ¢ 
‘ 
7 17408 “ 14 “uA 2.7 147.7 1 “4 reas) O20 d 
h* 740 a] 178 “2h 2.38 17 6 1.87 AMO Pall 
me 74 ‘ ian 0,24 2.1 147.7 1 58 SOO Sv) sf 
v4 j 17407 ' 170 “ou 2.34 148.6 126 705 | sido ‘ 
" 17407 1&2 27 2.4 isa 0 4 “75 | 70 : 
| ‘ 
tt) 74l | r Ol 6 40 2.¢ 1.4 0,82 | 740 | 7e20 
‘ Wall B) oO i 2s aot 7.0 0.26 705 700 \ 
’ 
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Fig. 1 (top left}—Effect of coloring agents on air content of standard sand mortar 


Fig. 2, 3, 4 (right)—Effect of coloring agents on air content of concretes 
Fig. 5 (bottom left)—Relationship between air content of 1-4 standard sand mortar and 


air content of fresh concrete 
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Discussion of a paper by Thomas G. Taylor: 


Effect of Carbon Black and Black Iron Oxide on the 
Air Content and Durability of Concrete* 


By LEO KAMPF and AUTHOR 


By LEO KAMPFt 


We did work along the lines indicated in this paper several years 
ago and found results similar to those of Mr. Taylor. I should like, how- 
ever, to add some of our findings to those in his paper. 


In his introductory remarks he omitted two of the most important 
uses of black coloring: 

1. To make more uniform the color of the concrete. We have all 
experienced sidewalks, for example, in which slabs of many colors are 
apparent, due to the difference of color of the cement and the sand. 
We have found that a small amount of coloring greatly reduces these 
differences. 


2. To reduce the glare apparent from light colored concrete on a 
sunny day. 


Mr. Taylor did not include natural cements in this series. We have 
found that they react the same as air-entraining cements. 


Mr. Taylor did. not include in the paper any discussion of the nature 
of the carbon blacks or their tinting value in this series. Two types of 
carbon black are generally used in these dispersions; one is called a 
channel black and the other a furnace black. The channel blacks have 
a much smaller particle size (10-30 millimicrons) than the furnace 
blacks (36-90 millimicrons) and therefore have a greater tinting value. 
It is the practice of the producers to make a channel black dispersion 
with 25 percent pigment and a furnace black dispersion with 30 percent 
pigment. Lot 17398 is probably a channel black and Lot 17397 is 
probably a furnace black. 


*ACI Jounnat, April 1948, Proce, V. 44, p. 613. 
{Chemist in Charge, Laboratory, Borough of Queens, N. Y. 
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From the results indicated in this paper and in our work, the channel 
black has a more detrimental effect upon the air content of the mortar 
and the concrete. In other words, the finer the particle size of the 
carbon black, the greater will be its effect on the air. It is, therefore, 
conceivable that a carbon black dispersion could be produced that would 
have a minimum effect upon the air content. However, the particle 
size would be so coarse as to have insufficient tinting value. It is possible 
that Lot 17561 is of this nature. Some comparative data on tinting 
values would have been helpful. For example, 2 percent of an iron 
oxide black is not the equal of 1 percent of an emulsified carbon black 
in tinting value. It is therefore incorrect to compare these materials 
simply on a percent by weight basis. Mardulier* reports a carbon 
black that does not have an appreciable effect on air. However it 
reduces the slump 3 in. and increases the strength considerably in the 
same way as ordinary blacks. 

Another phase which Mr. Taylor did not cover is the question of 
stability of the emulsion. For example, we have found that Vinsol 
Resin or Darex or other air-entraining agents could be added to the 
black in sufficient amount to compensate for the reduction in air. Such 
a material would work satisfactorily when it was first mixed, but if this 
material stood a week or so, the black would have a tendency to revert 
back to its original condition. Thus, stability is an important factor. 


I do not agree with Mr. Taylor’s contention that the increase in 
strength of air-entraining concrete with the addition of the coloring 
agent as shown in Table 2, is due to the reduction in the air content. 
If this were correct, then the coloring agents which reduced the air 
content the most would give the highest strength. Since the coloring 
agents in the middle of the table, such as 17410, gave the highest 
strengths, it is obvious that other factors are involved. 


The air content without coloring was 5.00 percent for the interground 
cement and 5.61 percent for the addition at the mixer. I think the 
tests would have been more conclusive if lower air contents were chosen. 
We know that an entrained air content as low as 2 percent will give 
concrete freezing and thawing resistance. Suppose, for example, a 
coloring material reduces the air content by 3 percent as most of these 
seem to. This reduction from 5 percent leaves the concrete still in a 
safe range. If, however, the concrete has only 3 percent air without 
coloring, then the air content can be reduced below the safe limit. 

It would have been of value if Mr. Taylor had included some field 
experiences. Many air-entraining concrete pavements can be observed 
that sealed rapidly when ordinary carbon blacks were used. 


*Civil Engineering, V. 18, No. 3, p. 43, (March 1048). 
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A great deal of work has been done in bringing air-entraining concrete 
to its present stage of development. Mr. Taylor shows how all this 
can be lost by the use of the wrong type of coloring agent. 


AUTHOR'S CLOSURE 


Mr. Kampf’s discussion adds valuable information on several factors 
concerning carbon blacks which were not considered in the original 
paper. It was not within the scope of that work to include a complete 
study of the properties of coloring materials including tinting efficiency. 
The principal purpose was to determine whether carbon black emulsions 
and black iron oxides adversely affect the air content and durability of . 
concrete when used in quantities commonly recommended in practice. 
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Lower air contents were not used because the commercial Type IA 


cement available for use met the requirements of A.S.T.M. standard fs 
. . : , . —_ ms 4 ‘ ‘s 
specifications for this type of cement. Sufficient Vinsol resin solution rte 
was then added to the Type I cement to give air contents approximately % 
: 


the same as those obtained with the Type IA cement. While these air 


a 
contents were in the upper bracket, they were well within the 3 to 6 if 
percent range recognized by the Highway Research Board* as being +o 
the air content necessary for optimum resistance to freezing and thawing ‘ 
in pavement concrete. & 


- 


The author is in agreement with Mr. Kampf that the reduction in 
air content is not the only factor affecting strengths. It was pointed 
out in the footnote at the bottom of p. 619 that while some agents are 
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TABLE A—EFFECT OF ADDITIONS OF CARBON BLACK EMULSION, LOT 17832 






ON THE AIR CONTENT OF 1-4 STANDARD (20-30) OTTAWA SAND MORTAR ey 
Type IA Coloring Water for standard flow) Air content of 1-4 standard sand 4 
cement, agent, for percent of agent mortar for percent of agent 4) 

lot lot indicated, percent indicated, percent - 

No. No. q 

o 43 2 4 6 0 1 2 4 6 ) 

‘ee 

17696 17832 60 56 54 51 49 | 183 19.7 20.3 21.9 22.2 y 
17780 17832 60 57 55 52 5 18.9 20.6 21.1 21.8 23.0 ‘ 
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capable of entraining air, they may possess other properties which tend 
to more than counterbalance the effect of the entrained air on durability. 
It is quite possible that such properties might also affect the strength. 


6 
o 


Since completion of the tests reported in the original paper another 
carbon black emulsion, Lot 17832, prepared by the same manufacturer 
as Lots 17410 and 17411 especially for use in air-entraining concrete 

eT) 


se of Air-Entraining Concrete in Pavements and Bridges," Bulletin No. 13, Highway Research 
Board, Division of Engineering and Industrial Research, National Research Council, Washington, D. C. 
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TABLE B—COMPOSITION AND AIR CONTENT OF FRESH CONCRETE, AND 
ine tawne OF 3 x 6x 15-IN, CONCRETE SLABS DURING FREEZING 


| Coloring Fresh concrete Hardened concrete 
| agent - 
Ref. } W/C Cement, Slump, Unit wt., Air Rating of surface after 
No. Lot Per gal. sk per in Ib per con- cycles of freezing and 
No. cent persk cu yd cuft tent, thawing indicated 
by | percent 
| wt, 5O 150 250 
Type [IA Cement, Lot 17696-—Vinsol Resin 
46 17832 0 | ia Giese 22 154.8 1.14 lly, Ily ! 
4M i7eee 8 | 4.22 5.908 3.2 161.5 68.28 Ll, ly 1! 
45 17832 6 | 3.00 5.08 2.6 151.6 5.81 li, Il, |! 
Type IA Cement, Lot 17780--Darex 
47 17832 0 | 4.32 6.10 19 154.3 4.81 2% 3 3 
45 17832 3 | (22 6.97 2.9 181.2 6.05 2, 3 3 
49 17832 6 | 390 595 24 151.0 6.01 24 3 3 


has been tested to a limited extent. No strength or durability tests 
of 3x 3.x 114%-in. prisms were made on concrete containing this ma- 
terial, but data showing its effect on composition of the mix, air content, 
and surface scaling of slabs during freezing and thawing were obtained 
and are given in ‘Tables A and B. 

Carbon black emulsion, Lot 17832, slightly increased the air content 
of both the mortar and concrete when used in amounts up to 6 percent 
by weight of the cement. The resistance of the concrete to surface 
scaling was not affected by the use of this carbon black emulsion, ‘These 
results are in agreement with those presented in the original paper 
where it was found that the coloring agents that do not reduce the air 
content of the concrete are not likely to have any adverse effeet on 
resistance to freezing and thawing or surface scaling. 
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SYNOPSIS 


Experiments reported tend to support and amplify Hansen’s hy- 
pothesis on alkali-aggregate reaction, Test specimens composed of 
high-alkali cement and reactive aggregate (opal) were exposed to con- 
ditions promoting the reaction resulting in cracking and expansion, 
Petrographic examination at frequent intervals during the course of 
exposure indicated that the chemical reaction results in liquefaction, 
swelling and migration of the reaction products, The liquefied gel pro- 


the ad 
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duced by the reaction fills pores existing in the specimen, After the pore ve 
is filled, a reaction at the pore wall occurs to form a dense, semi-perme- MH 
able membrane through which osmosis takes place, resulting in expan- % 
sion and cracking. i 3 
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INTRODUCTION 


In spite of the extensive laboratory investigations(:?4:4567.5.9 of 
alkali-aggregate reaction, the only reasonable hypothesis of the causal 
relationship between the alkali-aggregate reaction in conerete and the 
mechanical disruption which follows that reaction has been that of’ 


= a SS ee Se 









Hansen”, Tis hypothesis proposed that mechanical disruption was y 
caused by the formation of a semi-permeable cell following the reaction 
of the alkali-hydroxide solution with the reactive siliceous aggregate. hI 

tah 


It is the purpose of the present paper to report the results of some 


~~, 


experiments which appear to substantiate and to provide some amplifi- 


cation for Hansen's hypothesis. In these experiments microscopic ij 
. . . t 
observations were made of the reaction between the aggregate and the a 
alkali of the cement, the nature of the reaction products and their move- h 
i 

*Keveived by the Inatitute December 20, 1047 ; 4 
tAssoviate Professor of Geology, Wayne University, Detroit, Mich » 
lChief, Division of Mineral Produets, National Hureau of Standards, Washington, D.C ‘g 
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ment through the concrete specimens, the progress of formation of the 
semi-permeable cells, and the mechanical results of the osmotic pressure 
produced in the cells. 


MATERIAL AND METHOD OF EXPERIMENT 


The reactive ingredients of the test specimens were a single high- 
potash cement and a single aggregate consisting of opal. The cement 
had a potash content of 1.2 percent and a potential compound composi- 
tion of 40 percent of 3CaO.Si02, 33 percent of 2CaO.SiOe, 8 percent of 
3Ca0.Al,0;, 10 percent of 4Ca0.Al,0;.Fe.0;, and 3 percent of CaS0O,. 
The chemical composition is given by Kelly, Schuman and Hornibrook”, 
The original source of the opal obtained from Ward’s Natural Science 
Establishment was Humboldt County, Nevada. Microscopic examina- 
tion and optical tests confirmed the identity as opal. Specimens were 
largely angular fragments with greenish-yellow color, waxy lustre and 
index of refraction ranging between 1.42 and 1.44. A small part of the 
sample was composed of white powdery material and was largely dia- 
tomaceous earth. 


Two types of specimens, cement-opal pats and 2-in. mortar cubes, 
were prepared for microscopic observation. The cement-opal pats con- 
tained either 5 or 10 percent of opal by weight of cement in the following 
size gradations: (1) finer than the No. 80 sieve, (2) between the No. 30 
and the No. 80 sieves, and (3) coarser than the No, 30 sieve. The 2-in. 
mortar cubes were made of cement and aggregate in the weight ratio of 
1 to 2. Of the aggregate, 214 percent was opal in the size range be- 
tween the No. 4 and No. 8 sieves. The remainder was standard Ottawa 
sand. Both types of specimens were stored on racks over water in 
sealed containers at 70 F. At intervals, specimens were removed and 
carefully examined microscopically. The specimens were broken open to 
determine possible reactions which had taken place and other abnormal 
developments. After the specimens had dried, thin sections were made. 
Usually the specimen was first impregnated with melted glycol phthalate 
and then sectioned by grinding to a thin slice in the usual manner for 
preparing petrographic thin sections. 


Identification of reaction products was made by petrographic-micro- 
scopic methods. Optical properties and textural characteristics were 
determined on powder specimens removed from areas of reaction or 
other apparently critical areas in the specimen. Reliable measurements 
of expansion could not be made on the specimens peculiarly suitable 
for microscopic examination. Therefore, specimens made of the same 
materials in the form of expansion bars were tested and measured at 
the time of examination of the cement-opal pats and the cube specimens. 
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RESULTS AND DISCUSSION 


Although observations were made on all the cement-opal pats, as 
well as the 2-in. cubes, the observations on the cubes and on the series 
of pats made with 5 percent opal (coarser than No. 30 sieve) were found 
to be the most indicative of the course of the chemical reactions and the 
resulting expansion. 

The first visual evidence of any reaction on either cubes or pats was 
the exudation of a somewhat sticky and gelatinous liquid. Although 
this liquid was noticed on some specimens as early as 5 days after they 
were first stored in the sealed containers, at such early stages the liquid 
was composed largely of water. This was shown by microscopic examina- 
tion of the residue obtained from evaporation of the liquid on a micro- 
scope slide. Only minute specks of an amorphous gel remained. 

After storage of a month or more, the exudates on the surface of the 
pats contained much higher concentrations of dissolved material. After 
removal from storage, the wet, translucent, gelatinous-looking surface 
spots dried in less than an hour to solid, whitened, opaque spots. Micro- 
scopic examination showed these to be composed of a mixture of crystals 
and amorphous material. The crystals were identified as CaCO; and 


6. ee 
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Fig. 1 (left}—Grain of opal in cement mortar. Irregular white areas at edges of opal 
grain are gelatinized and softened opal material. At the top of opal grain is a small 
pore into which the gel is beginning to migrate. Age, 3 months. Magnification, 1825X. 


Fig. 2 (right)}—Enlargement of pore area of Fig. 1. White area is gelatinized opal. 
Transparent gel may be seen coating the inside of a pore (dark circular area). This gel also 
covers much of the surrounding cement as shown by the high reflectivity of the surface. The 
photograph was taken along the plane of a crack which was gel-filled. Magnification, 32X 








628 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1948 


- Ca(OH),. The amorphous gel had an index of refraction varying between 
1.47 and 1.52. 

In general, the sequence of changes in the 2-in. mortar cubes was 
about the same as in the pats but the rate of change was considerably 
slower. 


Microscopic examination of the interior of specimens showed that a 
progressive liquefaction and swelling of the opal grains took place be- 
ginning at the surfaces of the grains and progressing inward. Specimens 
examined at the age of 3 weeks showed a thin shell of softened gel-like 
material on the surface of the opal grains. It was evident that this 
shell of gel on the surface of the opal had previously increased in volume 
to such a degree that it had migrated outward into the adjacent mortar 
and had begun to form a thin layer of gel on an adjacent pore (Fig. 1, 2). 
The liquefied reaction material on the surface of the opal grains hard- 
ened rapidly in air and turned white. After hardening it had an index 
of refraction somewhat higher than 1.48, a considerable increase over 
the 1.42 to 1.44 of the original opal grains. 


Specimens removed from storage at intervals of 3 months up to ages of 
2 years showed changes which may be summarized as follows: the 
liquefaction of the opal proceeded until the smaller grains were com- 
pletely liquefied and the larger had only a small core of unreacted opal 
remaining. The reaction product had a higher refractive index than 
the original opal. The increase in volume of the reaction product com- 
pelled it to move outward through the cement matrix surrounding the 
opal sockets and partially or completely fill adjacent spheroidal pores. 


Detailed examination of the interior of a cement-opal pat made of 
high potash cement and 5 percent of opal coarser than the No. 30 sieve 
indicated the sequence of events following the swelling and migration of 
the gel. Fig. 3 to 6 inclusive show pores which have been completely 
filled with gel. In Fig. 3 and 4 the gel in the interior of the pore contains 
crystals of Ca(OH).. This gel itself is amorphous and of somewhat 
higher refractive index than the gel forming the shell adjacent to the 
pore walls. From this pore, a crack extends. Another pore shown in 
Fig. 5 and 6 has an interior gel containing scattered crystals of CaCOQ3. 
Here, also, the outer shell has a somewhat lower refractive index than the 
interior. Unlike the crack shown in Fig. 3, those in Fig. 5 and 7 do not 
leave the pore from opposite sides but from one side of the pore. In 
Fig. 5, it is clear that pressure from within the pore initiated the crack. 
This is evidenced by the breakdown and outward movement of the 
cement matrix at the side from which the cracks extend. Observations 
indicate that the cracks originate from the gel-filled pores, since they are 
also filled with gel to a considerable distance from the pores. These 
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Fig. 3 (left}—Pore in cement pat filled with gel, the outer rim of which has a refractive 
index lower than the central portion. Age, 1/4 years, magnification 83!4X, plain light 


Fig. 4 (right)—Same field as Fig. 3 but with crossed Nicols. Crystals of Ca(OH). appear 
in gel in center of pore. 





Fig. 5 (left}—Another gel-filled pore in the same pat as shown in Fig. 3 and 4. The gel 
with lower refractive index is also visible here. Dark material in the center of the inside gel 


is a mass of extremely small CaCO; crystals. Age, 1! years; plain light; magnification, 
8314X 


Fig. 6 (right)—Same field as Fig. 5 but with crossed Nicols. Crystals of CaCO; scattered 
entirely through high-index gel but not in low-index rim gel 
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Fig. 7 (left}—A gel-filled pore in the same pat shown in Fig. 3 to 6 inclusive. The very 
narrow rim of low-index gel does not show clearly in the photomicrograph and is only 
indicated by the slightly greater apparent diameter of the pore in this figure than in Fig. 8. 
Age, 114 years; plain light; magnification, 83!4X 


Fig. 8 (right)}—Same field as Fig. 7 but with crossed Nicols. An intermediate zone be- 
tween the very thin outer shell of low-index gel and the central core of gel contains many 
small crystals of CaCO;. Magnification, 83!4X 


cracks sometimes, but not invariably, pass through an opal socket or are 
interrupted by an opal socket. 

Based on the authors’ observations as well as those of others, an 
hypothesis to explain the sequence of events may be developed as follows: 

(1) Alkalies freed from the cement by hydrolysis, or by solution in 
the mixing water, react with the grains of opal or other active silica; (2) 
the reaction causes a liquefaction and swelling; (3) the swollen, liquefied, 
alkali-silicate gel permeates the cement matrix in the vicinity of the opal 
grain and fills adjacent pores through channels in the cement matrix; 
(4) a reaction takes place at the walls of the pores filled with liquefied 
gel to form a membrane impermeable to further migration of alkali 
silicate, but which will permit diffusion into the pores of aqueous solu- 
tions of alkali; (5) the increase of pressure within the pore by osmosis 
finally ruptures the pore and forms a crack in the concrete extending 
away from the pore; and (6) the liquefied gel under pressure in the pore 
bursts out through the crack. 

In a recent paper by McConnell and co-workers”), which gives valuable 
petrographic and chemical evidence of the alkali-aggregate reaction, it is 
indicated that the semi-permeable membrane of the osmotic cell is 
formed by the wall of the reactive aggregate socket or by the outer 
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shell of the aggregate itself. Besides the photographic and petrographic 
evidence given in the present paper which indicates pores in the cement 


matrix as the location of the osmotic cells, there is the added evidence: 


that the first visible symptom of reaction is the alkaline-silicate exudate 
at the surface of specimens—an exudate which can have no other source 
than the outward-moving liquefied gel formed at the surface of the opal 
grains. Although the swelling gel permeates the cement matrix within a 
short distance of the opal socket, presumably the migration into the 
pores takes place through channels of relatively high permeability. 
While it continues there can be no formation of a membrane at the opal 
surface. The gel which fills a pore from an adjacent opal grain through 
a channel does not presumably undergo any further swelling except by 
the process of osmosis. A reaction of the gel with the calcium in the 
surrounding matrix to form a semi-permeable skin at the pore wall 
seems quite probable under these conditions. 

Admittedly, the picture is by no means complete and more work 
remains to be done. Although the authors’ observations are fairly 
conclusive that the cracks originate from original air-filled pores and not 
from opal sockets, it is not clear what reaction takes place to form the 
semi-permeable membrane at the pore wall after the pore has been filled 
with liquefied gel. It seems probable, however, that a reaction between 
the alkali silicate within the pore and the calcium-containing products 
of cement hydrolysis in the pore wall might produce a solid lining of 
alkali-calcium silicate more dense and more impermeable than the pore 
filling. T’wo causes may have prevented the reaction with calcium before 
the alkali silicate filled the pore: (1) the migration of the alkali silicate 
may have been too rapid to pick up the requisite calcium for hardening; 
or (2) hydrolysis of the cement may have been insufficient to make 
calcium available at the time migration of the alkali silicate took place. 
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Discussion of a paper by Willard H. Parsons and Herbert Insley: 
Aggregate Reaction with Cement Alkalies* 


By DUNCAN McCONNELL, RICHARD C. MIELENZ, WILLIAM Y. HOLLAND 
and KENNETH T. GREENE and AUTHORS 


By DUNCAN McCONNELL, RICHARD C. MIELENZ 
WILLIAM Y. HOLLAND and KENNETH T. GREENE? 


The authors of this paper have made a number of interesting inter- 
pretations based on data they have obtained in a study of cement- 
aggregate reaction in mortar and cement pats containing opal. All 
additional information on this type of concrete deterioration is valuable 
and should be critically examined in order that it may be correlated 
with the results of experiments previously reported, The results which 
Messrs. Parsons and Insley obtained agree with those of the Bureau of 
Reclamation in most respects. However, several of their conclusions 
concerning the mechanism by which cement-aggregate reaction produces 
deterioration of conerete are at variance with ours! and we believe 
that their conclusions are not satisfactorily substantiated by the data 
presented in their paper. Since these questions are of fundamental 


nature, we should like to discuss them at some length. 


The authors conclude from their studies of opal-cement pats and 
mortar cubes containing opal that cracks originate from gel-filled pores 
and they state rather positively that they do not originate at opal 
grains (p. 628, 680, and 6381). We believe that they have unnecessarily 
and unjustifiably restricted their explanation of the mechanism of 
expansion and cracking of mortar and concrete by assuming that gel 
Within aggregate sockets will not take part in osmotic processes, Our 
observations indicate that fractures can originate at gel-filled voids, as 
illustrated in Fig. 5, p. 99, of our paper.' Tlowever, we consider the 
process which they describe to be rather unusual and of minor import- 


ance, and subsidiary to the main process by which expansion and crack- 


*ACT Joununan, April 1048; Jroe, V, 44, p. 62 
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ing of concrete and mortar is brought about: namely, the development 
of tensile stresses in the mortar surrounding deleteriously reactive 
aggregate grains within which or upon which alkalic silica gel has formed. 

In the Bureau of Reclamation laboratories, we have experimented 
with opal-cement mixtures using opal from the same general locality 
as that used by the authors. Expansion measurements on these specimens 
are given in ‘Table 6, p. 116 of our paper.' Very large expansions are 
indicated for many of these bars. Petrographic examination of these 
specimens demonstrates rather convincingly that.the majority of cracks 
originate at the grains of opal, passing radially outward and commonly 
intersecting spherical air voids. The typical appearance of the opal 
grains is shown in Fig. 22, p. 125, of our paper'. Another example 
from this series of bars is illustrated in Fig. A. It is difficult to avoid the 
conclusion that the fractures are the result of stresses originating at the 
opal grains themselves. In order to show more clearly that this situation 
is typical, we have prepared a photomicrograph of one of these specimen 
at considerably lower magnification, so that a significant number of 
opal grains are visible (Fig. B). Although not all grains show radial 
fractures, the proportion that do is rather striking. 

In Fig. B, it will be noted that several voids are also intersected by 
fractures, ‘This is not surprising, since fractures will tend to pass through 
voids because of the lower strength of the matrix at these points. ‘This 
would be true whether the voids are filled with gel or not. In fact, 
empty voids are frequently observed to be intersected by fractures, It 
should be noted that, in examination of a thin section, observations are 
necessarily limited to two dimensions, so that the intersection of a 


Fig. A (left)}—Decomposed opal grain with radial fractures and adjacent void partially 
filled with gel. Magnification 56 x 


Fig. B (right)—Photomicrograph of opal and high-alkali cement mixture. Note relation 
of frattures to opal grains. Magnification 10 » 
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fracture and the particle at which it originated may not be apparent. in 
the section, 

In a mortar or concrete containing a large proportion of aggregate, 
it becomes very difficult to correlate the origin of observed fractures 
with any particular aggregate grain or gel-filled void because of their 
proximity to one another, and the fact that the observations are re- 
stricted to two dimensions. However, if the percentage of aggregate 
material is small, as in the opal-cement specimens, the individual particles 
are more or less isolated and it is possible to locate more precisely the 
origins of the stresses producing the cracks. The causal relation be- 
tween fractures and reacting aggregate grains in concrete can be estab- 
lished only by diligent statistical study of large numbers of microscopical 
thin sections. In a detailed examination of badly affeeted conerete from 
Stewart Mountain Dam, Arizona, by J. Schlocker (U.S. B. R. Petro- 
graphic Laboratory), a total of 685 microfractures were observed. Of 
those fractures which cut across particles of aggregate within the field 
of view in the thin sections (not including fractures intersecting merely 
the aggregate-cement boundary), 90 percent intersected particles show- 
ing visible evidences of chemical attack typical of cement-aggregate 
reaction, 

Other observations which we have made are also pertinent to this 
matter. Microfractures occasionally transgress the gel filling of pores, 
indicating that these fractures were being widened after the gel had 
filled the pores, but at a time when the gel could not have been under 
compression, An excellent illustration of this phenomenon is shown in 
our Fig. 5, p. 99,' where the upper fracture transgressing the matrix 
continues through the gel in the void. (In the preparation of the thin 
section a small quantity of abrasive material accumulated in the gel and 
thus indicates the course of the fracture, which would otherwise be quite 
indistinet in the illustration.) 

Since the gel is originally produced at the surfaces of the aggregate 
grains, and since we find gel-filled cracks radiating from reactive grains, 
we are foreed to conclude that in these cases at least, the cracks resulted 
from pressure applied to the aggregate socket walls. In these situations, 
it is apparent that the gel must have moved out from the aggregate 
grains, not in toward them. 

There is also evidence, not dependent on microscopic observations, 
Which shows that stresses are produced in the immediate vicinity of 
particles of alkali-reactive aggregate, with resultant rupture of the 
matrix, A number of writers have described pop-outs which they at- 
tributed to this cause.?"* In each case a piece of reactive aggregate was 
found at the bottom of the pop-out crater, so there can be no doubt 
that the expansive force was concentrated at the aggregate particle, 
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Our hypothesis that osmotic pressure cells commonly are formed by 
the walls of reactive aggregate sockets is substantiated by the inde- 
pendent work of Alderman, Gaskin, Jones, and Vivian® who studied 
mortars containing an opaline rock as part of the aggregate. Under 
the conclusions to Part III, “The Effect of Void Space on Mortar Ex- 
pansion,” by H. E. Vivian, the following statement is made (p. 66): 

In expanded mortars, cracks are always associated with reacted aggregate 
particles. These cracks are always partly filled with the reaction products. 

From a review of the literature on the subject of cement-aggregate 
reaction, it appears that until the paper by Messrs. Parsons and Insley, 
investigators have not questioned that the cracks in affected concrete 
and mortar originate at particles of reactive aggregate. The conception 
that gel-filled pores are the sole source of osmotic pressures is new, and 
is, we believe, contrary to the convictions of most of the workers in 
this field. 

Another point of divergence in our interpretations relates to the 
viscosity of the first-formed alkalic silica gels. Messrs. Parsons and 
Insley believe them to be so fluid that they permeate the cement paste 
in the vicinity of the opal grains, and fill nearby pores by flowing through 
minute, original channelways, presumably before any fracturing of 
the matrix takes place. In support of this supposition, they mention 
the exudation of gelatinous liquid on the surface of the specimens, 
apparently believing that no fracturing has taken place at this stage in 
the process. Our observations have led us to conclude, however, that 
the first-formed gels are viscous, high in silica, and comparatively low 
in water content. (A similar concept is suggested by the authors on 
p. 628, but the sequence of events which they visualize differs from that 
outlined on p. 125 of our paper'.) Being concentrated, these siliceous 
gels can develop high osmotic pressure, which then causes distension 
and rupturing of the enclosing mortar. Thus are formed the micro- 
fractures so commonly observed about corroded aggregate grains in 
affected concrete. 

Our experiments indicate that ordinarily the development of watery, 
highly fluid gel takes place only after fracturing, when the gel can imbibe 
water and swell freely, unopposed by strong, restraining mortar. 
Similar dilution without fracturing can occur if voids are contiguous 
with the reacting aggregate particle or if the aggregate grain itself is 
highly porous. If restrained after dilution, these gels would not be 
capable of producing osmotic pressures nearly so great as those produced 
by the early-formed viscous gel, since osmotic pressure is a function of 
concentration. 

It is interesting to note that Vivian®, concludes (p. 72) from his 
experiments that only the swelling of a gel possessing rigidity is capable 
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of explaining the expansion and cracking of mortar. We would not go 
so far on the basis of our own observations, but we do believe that the 
first fractures ordinarily are caused by viscous gels on or near the surface 
of reactive particles of aggregate. 

The Parsons and Insley theory of secondary membrane formation is 
interesting, and such a reaction may very likely play a part in the 
process of mortar and concrete expansion. In our studies we continually 
have searched for such a membrane without finding any conclusive 
evidence of its existence. We apparently observed similar phenomena 
to those recorded by Messrs. Parsons and Insley, but we have placed 
somewhat different interpretations upon them. For example, the 
outer shell of gel, which has different optical properties from the core 
(illustrated on p. 629 and in our paper! p. 98), may be a product of 
interaction between the central gel and the matrix immediately ad- 
jacent and, conceivably, it might act as a semipermeable membrane. 
On the other hand, the discontinuity of the gel may represent merely 
different stages of deposition in point of time, possibly as the result 
of intervening formation of fractures. In this same connection, it 
should be noted that Kalousek*’ previously suggested that a membrane 
of alkali-calcium-silicate gel, permeable to alkali and hydroxide ions 
and water but impermeable to alkali silicates, might be formed around 
an opal particle by reaction of these alkali silicates with calcium hy- 
droxide in the mortar or concrete. 

Parsons and Insley have presented interesting data on the micro- 
scopic phenomena attending the interaction of opal with cement alkalies. 
In many respects they have confirmed our results. However, we cannot 
concur in their conclusion that the pressures which disrupt the concrete 
originate in the gel-filled voids. We are forced to conclude that these 
pressures originate at the reactive aggregate grains themselves. 
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AUTHORS’ CLOSURE 


The discussion of our paper by McConnell, Mielenz, Holland and 
Greene indicates that much more finality was attributed to the con- 
clusions than we intended to imply. The purpose of the paper was to 
put forward a plausible working hypothesis for the nature and the 
action of the osmotic cells producing the expansion in the alkali-aggre- 
gate reaction. The qualitative observations noted were the basis for 
the hypothesis rather than a test of it. Indeed, we feel that published 
observations bearing on this point (including those in the discussion of 
this paper) have not up to this time been sufficiently detailed or sufficiently 
quantitative to provide an adequate test of the hypothesis. 

In view of the purpose and the qualitative nature of our paper, it 
probably would not be profitable to attempt to answer the criticisms 
in detail. Some reply to two of the points raised may be worth while. 
Concerning the time relationship of the appearance of gel spots and 
the expansion of the specimen, some observations of Kelly, Schuman 
and Hornibrook since published by ACI are pertinent.* In several 
instances, gel spots were observable on the surface of the specimen long 
(in one case, several months) before measurable expansion of the specimen 
occurred. Moreover, it is a matter of common observation that, where 
alkali-aggregate reaction has taken’ place, the sockets of the active 
aggregate grains are surrounded by an aureole with a resinous luster, 
apparently caused by the soaking of matrix with the gel-like material. 
Assuming that the cause of cracking is osmotic action, it is not evident 
how a semi-permeable membrane could be formed at the aggregate 
sockets under conditions where the colloidal gel-like material spreads 
outward through the cement matrix. 

Whether cracks originate from gel-filled pores or aggregate sockets 
partially filled with viscous gel depends upon which can provide an 
adequate osmotic cell. Either may provide a position of weakness 
through which cracks originating elsewhere may pass. 

The need for more research and more quantitative research on this 
question should be reiterated and we believe that the most efficient 
method of research is the deductive one, that is, the testing of reasonable 
working hypotheses by quantitative observations. 


*Kelly, J. M., Schuman, L. and Hornibrook, F. B., ‘‘A Study of Alkali-Aggregate Reactivity by Means 
of Mortar Bar Expansions,’’ ACI Journa., Sept. 1948, Proc. V. 45, p. 57. 
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Restoration of Barker Dam* 


By RAYMOND E. DAVIS, E. CLINTON JANSEN and W. T. NEELANDSt 


Members American Concrete Institute 


SYNOPSIS 


There is described a unique method of stabilizing and restoring a 37- 
year old dam. <A 12,500 cu yd blanket of concrete made by the Prepakt 
method was bonded to the upstream face and was contained behind a 
permanent form made of precast concrete slabs. The work of erecting 
the slabs and placing the coarse aggregate behind them was done in the 
dry during the cold winter months when severe weather conditions 
would have made impracticable the placement of conventional concrete. 
When the reservoir was nearly filled with cold water from melting snow 
in the mountains, and the dam was in the position of nearly maximum 
downstream deflection, the aggregate mass was grouted under water as 
a continuous operation without cold joints over the full length and 
height of the dam. The average maximum temperature of the Prepakt 
concrete mass during the hardening period was only 63 F, and usually 
occurred about four days after grouting. 


INTRODUCTION 


Barker Dam, completed by the Eastern Colorado Power Company in 
1910, is a gravity structure of cyclopean concrete having a maximum 
height of about 175 ft and a crest length of 720 ft. It is located on Middle 
Boulder Creek in the mountains 17 miles west of Boulder, Colorado, at 
an elevation of about 8200 ft. It creates Barker Reservoir, which is the 
source of water supply for Boulder Hydro Plant, a high-head unit in the 
central system of the Public Service Company of Colorado. 

As was customary for dams of that period, the foundation was not 
grouted, the dam was without a drainage system, and no provision for 
uplift was made in the design. As a result, the dam was of less massive 
section than would be dictated by modern practice, and the leakage 
~ *Presented at the ACI 44th Annual Convention, Denver, Colo., Feb, 25, 1948. 
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through the foundation rock was regarded as excessive. Also there was 
considerable leakage through contraction joints, which were without 
water stops, and excessive seepage along many of the horizontal con- 
struction joints. 

Because the water in the reservoir receded during the winter months, 
the upstream face of the dam was subjected to particularly severe con- 
ditions of freezing and thawing, resulting in pronounced disintegration 
of the concrete at and near this face. 

The restoration program completed in the summer of 1947 was designed 
to correct the conditions mentioned above and to produce a dam which 
would be the equivalent of a new structure in so far as safety of design 
and probable useful life are concerned. The restoration work included 
(1) the grouting of foundations, (2) the installation of a foundation 
drainage system, (3) the removal of defective concrete from the up- 
stream face, and (4) the construction of an addition to the upstream 
face composed of a continuous blanket of Prepakt concrete faced with 
an assemblage of high-strength, weather-resistant precast reinforced 
concrete slabs utilized as the form for the concrete. 

The considerations which led to the use of Prepakt concrete and pre- 
cast slabs instead of conventional concrete and wooden forms were as 


follows: 


1. The addition had to be completed without loss of water between the 
time of emptying the reservoir in the fall and of filling it in the spring. 
Severe weather conditions of the winter months would have made im- 
possible, or at least impracticable, the placement of concrete during this 
period. The slabs could be erected and the aggregate placed without 
serious difficulty, regardless of low temperatures; the aggregate could 
be grouted under water without danger of freezing, yet at a low temper- 
ature, after the reservoir had filled. 

2. The precast slabs would be less expensive than the very heavy 
wooden forms that would have been required to form the entire face and 
to withstand the loads produced by the aggregate fill. Lumber was very 
scarce, and wooden forms of the green lumber available would have 
shrunk and warped badly after placement and before the reservoir was 
filled. The precast slabs for use during the winter could be constructed 
during the preceding summer. The precast slabs, made of a rich mix with 
air entrainment, would provide an exposed surface highly resistant to 
freezing and thawing, and a protective shell for the Prepakt concrete. 
Under these conditions, the concrete could be of low cement content 
and hence of low temperature rise during the hardening period. 


3. The use of Prepakt concrete of low temperature rise, grouted as a 
continuous operation at low temperature, would eliminate the necessity 
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for horizontal and vertical contraction joints at short intervals to prevent 
cracking (such as would have been required if conventional concrete had 
been employed) and hence would provide an addition to the upstream 
face which would act monolithically with the old structure. 

4. If precast slabs which had taken on their drying shrinkage were as- 
sembled as a form during a period of low temperature, there would be 
little or no tendency of the mortar-filled joints to open later. Thus the 
slab assembly would provide a reasonably tight seal against the penetra- 
tion of water into the leaner Prepakt concrete behind the slabs and would 
prevent the development of cracks in the concrete opposite slab joints. 

5. Grouting with the reservoir nearly full would provide the most 
favorable stress relationship between the concrete of the addition and 
that in the old dam under the action of water load. 

6. The drying shrinkage of Prepakt concrete would probably be only 
about half that of conventional concrete. 

7. The bond of Prepakt concrete to the old concrete would probably 
be about 50 percent higher than that of new conventional concrete to old 
concrete. 


OLD CONSTRUCTION 


The following information regarding concrete placed in the old dam is 
condensed from an unpublished report made by R. F. Blanks in Feb- 
ruary 1938 for ACI Committee 207 on Properties of Mass Concrete, 
which committee at that time was engaged in a nation-wide survey of 
old dams. 


Cement 

The bulk of the cement used was Ideal brand supplied by the Portland Cement Co. 
then located at Portland, Colorado. The official company records of the physical 
and chemical properties of the cement were destroyed in the Pueblo: flood of 1921; 
however, the late Mr. W. G. Banks, supervising chemist of the company at that time, 
kept a notebook from which the following information was derived: 

Chemical composition CS, 30.9; CS, 39.7; C3A, 16.3; and C,AF, 8.1. 
Fineness 76 to 79 percent passing 200 mesh sieve; 98 percent 
passing 100 mesh sieve. 

Strength of 1:3 cement- 
sand mortar briquettes At 7 days, 225 to 275 psi; at 28 days, about 350 psi. 

This cement is rather high in C3A and low in CS, but it is typical of cements manu- 
factured at that time. 

At about the middle of the construction period, 35,000 bbl of Cowboy brand cement 
was furnished by the Western States Portland Cement Co. of Independence, Kansas. 
This cement had characteristics as follows: 

Composition CS, 31.5; CoS, 43.4; C3A, 13.3; and C,AF, 7.8. 
Fineness 81.5 percent passing 200 mesh sieve, 
Strength of 1:3 cement- 


sand mortar briquettes At 7 days, 336 psi; at 28 days, 403 psi. 
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Aggregates 


The main bulk of the aggregate was obtained from a pit 3 miles above the damsite 
in a dry bank known as “Sulphide Flat.”” The pit-run gravel consisted mainly of 
biotite granite. The gravel was screened through a 2'4-in. mesh screen with oversize 
being sent to one of four crushers, each capable of crushing 500 tons daily. From the 
crushers the material was returned to the screen. The coarse aggregate was distributed 
about equally between gravel and crushed rock, and all material including crusher dust, 
passing a No, 4 screen was classified as sand. Large granite plums, (Fig. 1) varying in 
size from one a man could lift to one with a volume of 3 cu yd, were placed in the structure 
and occupied 16 percent of the entire volume. 


Concrete mix 


The matrix, concrete without plums, was a mixture by volume of 1:3:5. The water- 
cement ratio was approximately 0.80 by weight. The slump test had not then been 
devised, but it is believed that the consistency was such as would have produced a slump 
of about 6 in, No strength cylinders were cast, but cores extracted from the structure 
in 1943 exhibited compressive strengths of 2960 and 3570 psi, respectively, for saturated 
and dry specimens, and elastic moduli of 3.28 and 3.52 million psi. The absorption 
capacity was 7 percent by weight. Visual inspection of these cores revealed the concrete 
to be over-mortared and to have a dead appearance, which is usually associated with con- 
crete of inferior quality. Generally, the 37-year old Barker Dam concrete can be con- 
sidered as slightly substandard by comparison with the present-day product, and as 
better than average by comparison with other concrete placed at a similar date. 


Mixing, transporting and placing 


The mixing plant was located high on the north bank of the canyon. At the top 
were located the sand and coarse aggregate storage bins. The aggregates were batched 
by volume on a measuring floor below the bins. The cement was delivered to the 
measuring floor from a storage house having a capacity of 100,000 sacks and located 
250 ft downstream from the mixing plant. ‘The cement was delivered to the measuring 
floor on small flat cars. The volume of mixing water was controlled by measuring 
barrels with a discharge valve over the mixer. 


At each mixer a man measured the water and assisted at the measuring hopper. 
Two other men batched the sand and gravel, added the cement, and dumped the batch 
into the mixer, 


Four 30-cu ft Smith mixers were employed. They discharged into 2-yd buckets, in 
which the concrete was delivered to place in the dam. 


After the concrete was placed in a 2-yd bucket, it was hauled by horse to a point 
under one of three Lidgerwood cableways. The cableway transported the bucket to 
within range of one of eight stiff-leg derricks, which handled it to the exact point re- 
quired in the structure (Fig. 1). 


The concrete was spaded against the face of the forms to produce a good finish on 
the exposed surfaces of the dam and contraction joints, At least 6 in, of matrix is re- 
ported to have been placed around each plum stone, The conerete was sprinkled during 
the day to prevent drying. At horizontal construction joints, where new concrete was 
to be bonded to the old, the surface was scrubbed with stiff brooms. The air tempera- 
ture at which the concrete was placed reached a maximum of 90 to 05 F and a minimum 


of approximately 30 to 40 F. Conereting operations were begun about May 1, 1909, 
and completed about July 1, 1010, during which time 135,000 cu yd were placed, 
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GENERAL FEATURES OF RESTORATION PROGRAM 


The general features of the restoration work, 1946-47, ineluded (1) 
the addition to the upstream face of the old dam, of which the maximum 
thickness was about 8 ft 6 in., (2) deep and shallow foundation grouting 
through three series of holes at or near the upstream face, and (3) a 
drainage system consisting of foundation drains at about 10-ft intervals 
connected to a main longitudinal drain embedded in the addition and 
leading to a transverse drainage tunnel which was cut through the dam 
(lig. 2). Porous tile drains, which were installed in recesses cut in the 
upstream face of the old dam at contraction joints, were also connected 
to the main longitudinal drain, ‘These contraction-joint drains provided 
a means of regulating the water level within the mass of Prepakt aggre- 
gate prior to and during the period of grouting and also provided for 
the drainage of contraction joints after the restoration work was 
completed, 

Stepped footings of conventional concrete (Fig. 3) provided a founda- 
tion upon which the precast slabs were erected and the aggregate was 
deposited to the full height of the dam before grouting was begun. 

Vertical water stops were provided by strips of Neoprene cemented 
over joints on the downstream face of the slab assembly, opposite con- 
traction joints in the old dam. A Neoprene water stop, similarly in- 
stalled, was also provided for the construction joint between the con- 
ventional concrete of the bottom portion of the footing and the Prepakt 
concrete above 

ig. 3 also shows the manner in which the precast slabs were con- 
nected by anchor bars to the old dam, ‘These anchor bars were placed 
on about 4-ft centers in each direction 

The 2-in, slotted pipes used for grouting the mass of aggregate behind 
the slabs were installed vertically on about 4-ft centers, These were 
embedded in the coarse aggregate behind the slabs and extended from the 
footing to the top of the dam, ‘These pipes also provided a means of 
determining the water level behind the slabs prior to and during the 
period of grouting, of determining the grout level during the period of 
grouting, and of furnishing a supply of cold water to precool the aggre- 
gate just above the grout level, 

Connected to anchor bars at various elevations at two stations along 
the dam were Carlson electric strain meters and resistance thermometers, 
This assembly was employed in determining the form pressures produced 
by the aggregate prior to filling the reservoir and by the aggregate, water 
and grout loads during the period of grouting. It was also used as a 


guide in regulating the rate of grouting and in regulating the water level 
Within the aggregate mass above the grouting zone, Strainemeter and 
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Fig. 4—Precast slab details 


resistance-thermometer observations also provided information concern- 
ing the temperature of the fresh and hardening Prepakt concrete after 
grouting and the temperatures of the water above the grouting zone. 

This 
scheme was adopted after tests on slabs made in the laboratory had 
demonstrated that, with the rather simple system of grid bars shown, 
the slabs so reinforced were capable of safely carrying a load greater than 
the ultimate strength of the l-in. dowels. 


The general scheme of slab reinforcement is shown in Fig. 4. 


The steel employed was of 
intermediate grade, 


WORK SCHEDULE 


During the early summer of 1946, approximately 24,000 cu yd of 
aggregate was processed from a natural deposit of sand and gravel in the 
same locality as that from which aggregates were obtained for the con- 
struction of the old dam. These included sand for conventional concrete 
(0 to No. 4), sand for Prepakt grout (0 to No. 16), sand for blasting 
(No. 16 to No. 4), sand for porous conerete tile (No. 8 to No. 4), fine 
gravel (No. 4 to 5 in.), intermediate gravel (5¢ to 15 in.), and gravel 


for Prepakt concrete (5¢ to 4% in. and %&% to 54 in.). The %& to 5-in, 


gravel was blended with intermediate gravel for use in thin Prepakt 


sections, 
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The slabs (1009 in number, 1850 cu yd in volume, and 8500 sq yd in 
total area) were cast and stored in a yard a short distance from the gravel 
pit. These slabs, which were all 8 in. thick, were of a variety of sizes, as 
necessitated by the irregularities of the stepped footing and of the 
spacing of contraction joints in the old dam. Most of them were 6 ft 8 
in. wide by about 12 ft long and weighed about 4 tons. 

During the summer and fall of 1946, as the water in the reservoir re- 
ceded, defective concrete was removed from the upstream face by chip- 
ping followed by sand-blasting. Anchor bars were grouted in holes in the 
upstream face, a foundation trench for the stepped footing was exca- 
vated to solid rock at a considerable distance below the base of the old 
dam, foundations were grouted, and drains were installed. 

The drainage tunnel was holed through about the middle of Septem- 
ber, the reservoir was drained, a coffer dam was constructed, and the 
low-water flow of Middle Boulder Creek was diverted by pipe line 
through the lower gate-opening in the old dam. 

By the middle of December, before anything but moderate cold-weather 
protection was necessary, the footing of conventional air-entraining 
concrete was placed in the foundation trench, as a series of steps down 
each abutment and across the bottom on a level grade. The total 
volume of concrete in the footing was 1450 cu yd. ‘The main drain and 
its pipe connections to deep foundation and contraction-joint drains were 
encased within the concrete of the footing. 

During the winter and early spring months of 1947, the slabs were 
erected, their joints were grouted, and the space behind the slab assembly 
was filled with coarse aggregate. The outlet gates, with their conduit 
extensions through the prepacked aggregate to openings in the old dam, 
were installed; and all work within the reservoir area was completed in 
time to catch the heavy spring run-off, which filled the reservoir to the 
crest of the spillway on June 5. 

Grouting of the coarse aggregate, to form a monolithic addition of 
about 12,500 cu yd of Prepakt concrete, was started on May 26 when the 
level of the water in the reservoir was about 15 ft below the crest of the 
spillway, and was completed ten days later, on June 5, as the water in the 
reservoir reached the crest of the spillway. Except for short periods 
of shut-down, grouting was carried on as a continuous operation, so that 
there were no cold joints, 


Following the completion of grouting of the addition to the upstream 
face, repairs were made to the roadway and parapet walls along the top 
of the dam. For the roadway, the repairs consisted of the removal, by 
chipping, of defective concrete to a depth of about 6 in. and replacement 
with a blanket of air-entraining conventional concrete of low water- 














i 





RESTORATION OF BARKER DAM 643 


cement ratio. Over the greater part of the length of the dam, the old 
upstream parapet was found to have no bond with the concrete below; 
it was removed entirely and was replaced by conventional concrete, 
using precast slabs as forms. The downstream parapet, which of course 
was required to carry no water load, was repaired by the removal of 
defective concrete and the application of a blanket and cap of Prepakt 
concrete for which the minimum thickness was 3 in. The work was 
completed about August 1, 1947. 


AGGREGATE PROCESSING 


Aggregate was processed in a portable plant set up in the gravel pit. 
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pumping and operating the plant was supplied by a diesel-electric 
generator. 

The unprocessed gravel was excavated with a gasoline-powered shovel 
and was hauled by trucks to a raw storage feeder hopper. <A belt con- 
veyor then transported the gravel to a triple-deck vibrating screen 
mounted above a finished storage bin which was divided into three 
compartments. The product of the processing plant was generally 
satisfactory, except that a second washing was required for the large 
size coarse aggregate to be used for prepacked concrete. 

The pit-run sand was coarser than that desired for conventional 
concrete. However, it was an excellent product, for which a fineness 
modulus of 2.88 was obtained merely by installing a No. 16 screen 
over the upper third of the panel, a No. 4 screen over the lower two- 
thirds; and then wasting the portion passing through the lower third. 

It was desired that the sand for the grout should substantially all 
pass the No. 16 screen. The natural deficiency of fines in the pit run 
material made processing difficult. The deficiency was partially corrected 
by hauling in fine sand from a neighboring deposit and placing it in 
a thick blanket ahead of the shovel cut so that it might be blended 
with the pit sand. The grading limits as determined by analysis of 21 
grab samples is shown in Fig. 5. These limits considerably exceeded 
those suggested by the specifications. The average fineness modulus 
of the sand as produced was 2.0, which was the upper limit permitted by 
specifications. Though in the process of stock-piling and the later 
operation of removal from the stockpile, there was a considerable de- 
gree of blending, yet the variations in grading of the sand as delivered 
to the grout and mixing plant, as well as the variations of the moisture 
content of the sand, necessitated frequent adjustments in the quantity 
of mixing water in order to produce a grout of the desired consistency. 
In spite of the coarseness of the sand no difficulty was encountered in 
pumping the grout nor was there any observable tendency for the coarse 
particles to settle out of the grout. Thus it appears that for Prepakt 
grouts, a coarser sand may be employed than had previously been 
assumed. 

In the pit, there was a predominance of sizes No. 4 to 114 in., and 
particularly of No. 4 to in. About 4000 cu yd of material in the latter 
size range was required to be wasted. What little gravel there was 
above 4)% in. was also wasted. Gravel in the size range 54 to 114 in. 
was obtained by scalping a fraction of the Prepakt aggregate (54 to 414 
in.). This produced a well-graded Prepakt aggregate for which the 
minimum void content under conditions of ideal blending was only about 
30 percent. The 5%-in. screen, of course, did not make a clean separation, 
and there was present in the Prepakt aggregate a small percentage of 
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material passing the 54-in. sieve which was retained on the 3%-in. sieve. 
This material also contributed to the low void content of the aggre- 
gate. To prevent segregation, all coarse aggregates were stockpiled 
in layers by trucking, and they were moved from the stockpile with 
a dragline in such manner as to produce a blending action. 


PRECAST SLABS 


The mats of reinforcement for the precast slabs were fabricated in jigs, 
as illustrated in the photograph of Fig. 6. This scheme of fabrication 
enabled a very accurate spacing of bars and accurate location of dowels 
which later were to be welded to anchor bars projecting from the up- 
stream face of the old dam. All of the intersections were spot-welded, 
and certain intersections were fully welded. 

Concrete aggregates were batched from a 30-cu yd 3-compartment steel 
storage bin into a cumulative weighing hopper, cement was batched -in 
sacks, and water and air-entraining agent were batched volumetrically. 
Concrete was mixed in a !4-cu yd horizontal mixer. The mix propor- 
tions were approximately 35 percent sand, 25 percent No. 4 to 54-in. 
gravel and 40 percent 54-in. to 1)4-in. gravel. The mix contained 5.8 
sacks of cement per cu yd. Type II cement was specified, but a few of 
the slabs were made with a cement approaching the composition of 
Type IV, and some Type I was employed. Sufficient Darex was em- 
ployed to entrain about 4 percent of air. The net water-cement ratio 
averaged 0.43 by weight, and the slump averaged 2.4 in. Air content 





[ { Fig. 6—Mats of reinforcement for the precast slabs were fabricated in jigs 
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y TABLE 1—SLAB CONCRETES—-CEMENT COMPOSITION AND STRENGTH 





Type of Cement 
I II IV 
| CS 55.9 55.4 32.4 
Cement Compound, percent of | CS 17.8 19.5 47.0 
C3A 12.9 5.4 2.7 
C\AF 9.0 14.8 14.8 
Specific surface 1670 | 1900 1800 
Compressive strength, 28 da. 5360 5290 4960 
psi 90 da. 5710 5780 6660 
Concrete (Unit weight, lb/cu ft 146.1 145.6 147.2 
Water-cement ratio, by weight 0.45 0.43 0.42 
Air content, percent 4.4 4.9 4.1 


was determined by means of a device similar to the Klein-Walker appara- 
tus. 

Table 1 gives the compound composition and fineness for the three 
types of cement employed and the average compressive strengths of job 
cylinders at ages of 28 and 90 days. It shows that while the 28-day 
compressive strengths were lowest for Type IV cement, the 90-day 
compressive strengths were highest. For future reference, a complete 
record has been made of the location of slabs in the upstream face of the 
dam containing each of the three types of cement, and has been cross- 
referenced with daily mix control test data. At present, slabs can be 
identified as to type of cement by differences in color. 

The slabs were cast in groups of 15 on each of 5 base slabs which were 
hard-troweled to within 4 in. of true planes. The side forms were 8 x 10- 
in. wide flanged beams with the 8-in. flanges acting as form facings; 
they were sufficiently heavy and rigid so that no anchorage to the base 
slab was required, and they could be quickly dismantled, cleaned and 
reset. ; 

Fig. 7 shows side forms in place on one of the base slabs. The reinfore- 
ing mats were accurately positioned by securing the dowels to cross 
members resting on top of the forms, as illustrated in the photograph. As 
soon as the slabs were cast, these cross members were removed. Freshly 
cast slabs with their projecting dowels are seen in the background. 

The concrete was transported from mixer to forms by bucket, using : 
truck crane, and was compacted by vibration. After screeding, the top 
of each slab was given a rough float finish, except that a 4 in. wide strip 
around the edge was troweled as an aid in grouting the joints after 
erection. 














RESTORATION OF BARKER DAM 647 





Fig. 7—Side forms in place on one of the base slabs 


The slabs were removed from their bases at the age of 2 to 3 days and 
were transported by truck crane to a nearby curing yard where they 
were stored single-decked in a flat position on pine poles to prevent their 
becoming frozen to the ground. To separate each slab from its base 
before lifting with the crane, water pressure was applied to a chamber in 
the base slab directly below the center of the precast slab. The top of 
this chamber was covered with a 12-in. square steel plate, set flush with 
the surface of the base slab. As water pressure was applied, the steel 
plate was raised slightly, permitting water to flow between the slab 
and its base. This destroyed the large ‘vacuum effect”’ that would other- 
wise have been produced by lifting with the crane, and made possible 
the moving of the slabs at an earlier age. Without benefit of this hy- 
draulie lift it was found impossible to separate a 2-ton slab from its base 
with a lifting force of 17 tons. 

The slabs were cured under a continuous water spray. The curing 
period was 14 days for those containing Type I and Type II cements and 
28 days for those containing Type IV cement. They remained in the 
storage vard, subject to the large drying effect of the generally low 
humidities of this mountain region, until they were required for erection 
at the dam during the following winter. Just before removal of each 
slab from storage, the face from which dowels projected was sand- 
blasted until the fine aggregate was well exposed; this was considered 
desirable to ensure the maximum bond strength between the precast 
slabs and the Prepakt concrete. 


PREPARATION OF FACE 


The condition of the upstream face is illustrated by Fig. 8, a photo- 
graph taken before the work of restoration was begun. Most severe 
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Fig. 8—Disintegrated upstream face of dam (south half) before restoration 
had begun 


disintegration was at construction and contraction joints and within 
the zone over which the reservoir normally recedes during the colder 
winter months. However, all of the upstream face except the lower 
40 ft which had always been under water, had so deteriorated as to re- 
quire chipping. Even where there were no signs of disintegration, the 
concrete was of “lifeless” chalky appearance for a depth of 1 in. or more. 
In places, to reveal sound concrete required chipping as deep as 3 ft. 
Except in a few spots the concrete of the lower 40 ft was sound and 
required only sandblasting to remove the dead surface skin and expose 
fine aggregate. The average depth of chipping over the entire face was 
approximately 5 in. 


The chipping was generally done with light chipping hammers op- 
erated from scaffolding suspended from the top of the dam. Chipping 
was followed by the drilling of more than 6000 anchor-bar holes to a 
depth of 3 ft into sound concrete and the grouting of anchor bars. The 
chipped face was inspected by light tapping with a hammer to reveal 
any drummy spots and was finally sandblasted to remove all lightly 
adhering, small fragments. The amount of blasting sand required was 1 
cu yd per 30 to 40 sq yd of face. After hardening of the grout, anchor 
bars selected at random were proof-tested under a load of 25,000 Ib. 
No bar slippage was ever observed, and it now seems likely that a 2-ft 
embedment, instead of the 3 ft specified, would have been equally satis- 
factory. Fig. 9, a photograph of a portion of the gate block, shows a 
chipped surface, anchor bars in place, and scaffolding. 











RESTORATION OF BARKER DAM 649 


FOUNDATION WORK 


To provide what was regarded as a suitable foundation bed for the 
stepped footing, it was necessary to excavate a trench in the rock forma- 
tion to an average depth of about 10 ft and in places to depths of more 
than 20 ft below the level of the base of the old dam. Only very light 
blasting was permitted, and much of the material had to be excavated 
and removed by hand. Down the steep sides of the abutments, the 
excavation was roughly stepped. Along the bottom, the rock carried 
a large over-burden of gravel and silt, in places having a depth of 30 ft 
or more. The excavation showed that the old dam had been placed 
on weathered rock containing many open or mud-filled seams and 
cavities. The footing below the level of the old dam was calculated to 
act as a cut-off wall to prevent seepage through these seams, as well as a 
foundation for the precast slab assemblage and for the Prepakt concrete 
addition. 

The work of excavation was closely followed by shallow and deep 
grouting of the foundation rock through the three lines of holes previ- 
ously mentioned. The grout mixture was in the proportion of 2 sacks of 
portland cement to 100 lb of Alfesil to 20-30 gal. of water. To this was 
added 3 Ib of Intrusion Agent. Alfesil is the trade name for a finely 
divided active siliceous material provided by the contractor for which 
the specific surface, as determined by methods described in the specifi- 
cations for the work, is about 3500. It helps prevent the agglomeration 
of cement particles and retards early stiffening of the grout. Under moist 


Fig. 9—A portion of the gate 
block, showing chipped surface, 
anchor bars and scaffolding 
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conditions it slowly combines with the lime liberated during the progress 
of cement hydration, and thus contributes to the strength and water- 
tightness. Intrusion Agent is a patented compound, likewise furnished 
by the contractor, which acts to reduce the water requirement for a 
given consistency, to maintain the solids in suspension, to prevent early 
stiffening, and to produce a slight expansion during the early setting 
period. 

This grout mixture, with its relatively low ratio of water to solids, as 
compared with that of straight portland cement grouts normally em- 
ployed on similar work, possessed extraordinary ability to penetrate 
fine seams for long distances without dilution. This was demonstrated 
when on two occasions grout appeared at seams in the rock below the 
dam after having traveled more than 100 ft through the rock formation 
beneath the dam. Also, tiny hairline seams in a mica schist formation 
under the gate block were found to be completely filled when additional 
rock was removed after grouting the area. For foundation work, it 
appears to be markedly superior to straight portland cement grouts. 

The grout was mixed in a turbo mixer and was pumped through a hose 
without a return line, regardless of the distance from the pump to the 
hole. The pumping could be suspended while calking leaks from seams 
and then resumed without any tendency toward plugging the hose. In 
other respects the operations of grouting followed customary practice. 
Shallow holes were first grouted under low pressure. The deep holes 
were grouted at pressures depending on the tightness of the hole. Stage 
grouting was done whenever the diamond-drill water was lost. Other- 
wise the usual practice was first to grout a lower zone, with the packer 
deep in the hole. After pumping to refusal, the packer was raised, and a 
middle zone was similarly grouted. Finally, the packer was placed near 
the surface, and the top zone was grouted. By following this procedure, 
a large seam in any zone could be grouted at low pressure, while keeping 
smaller seams in other zones open and clean for grouting at higher 
pressure. ' 

About 5000 sacks of cement and 130 tons of Alfesil were used in the 
shallow and deep grouting of about 7800 ft of hole. The effectiveness of 
the grouting program was demonstrated in the spring of 1947, when with 
a full reservoir it was observed that the leakage through seams in the 
rock below the dam was only a small fraction of that formerly existing 
under like reservoir conditions. 

As grouting was completed and asthe drainage system was installed, 
the stepped footing was constructed in stages down each abutment to 
the bottom and finally across the bottom. For this footing, two classes 
of conventional concrete were employed. Down the abutments, where 
the section of the footing was relatively thin and where there was small 
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clearance between the metal drain and the face of the old dam, the 
maximum size of aggregate was 1! in., and the cement content was 5 
sacks per cu yd. The average water-cement ratio was 0.50 by weight, 
and the average slump was 2.7 in. For the more massive portion of the 
footing along the bottom, the maximum size of aggregate was 4) in., 
and the cement content was 4.5 sacks per cu yd. The average water- 
cement ratio was 0.45, and the average slump was 1.6 in. The average 
28-day strength of compression specimens cured in damp sand at 55 to 
60 F was about 3200 psi. Type IL cement was employed, and Darex 
was used in sufficient amount to produce about 5 percent of entrained 
air. The total volume of concrete in the footing was 1450 cu yd, of which 
850 cu yd was of the lower cement content. 

Wooden forms were used for the stepped portions of the footing. 
Precast slab forms were employed for the level portion across the bottom. 
Rock surfaces and hardened concrete against or upon which new con- 
crete was placed were sand-blasted and brushed with a coat of sand- 
cement grout just before fresh concrete was deposited. 

The batching and mixing plant previously used for the slabs was 
moved to one end of the dam and was employed for the stepped portion 
of the footing. Conerete was transported to the forms by a truck crane 
with a 1!o-cu yd bucket which traveled along the roadway across the 
top of the dam. For construction of the level footing across the bottom, 
the plant was moved to the bottom, and the conerete was transported 
by Georgia buggies operated on a runway. 

Since work was done during the fall months, water curing was not 
employed because of icing conditions. Wooden forms were generally 
left in place for ten days, and top surfaces were covered with damp sand 
overlain with straw. In severe weather, concrete was kept from freezing 
by live stream under tarpaulins. Adequacy of protection was determined 
by temperature measurements made by inserting thermometers in pipe 
wells in the concrete. After removal of the forms, the upstream face of 
the footing was coated with Daraseal, a membrane curing compound. 
Before the erection of precast slabs for the Prepakt addition, the footing 
was sand blasted to provide a good bonding surface for the Prepakt 
concrete. Fig. 10 shows a portion of the stepped footing near the bottom 
of the north abutment. At the right of the photograph, a precast slab 
is being placed in the first row above the footing. 


ERECTION OF SLABS AND PLACING OF AGGREGATE 


The erection of the face slabs for the addition and the placement of the 
coarse aggregate for the concrete behind these slabs was done during 
the months of January, February, March and April. Much of the time 
the weather was bitterly cold. Winds of high velocity blew down the 
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Fig. 10—A portion of the 
stepped footing near the 
bottom of the north abut- 
ment. Note precast slab 
being placed as part of 
the form at the right. 
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canyon, and working conditions were generally miserable, During this 
period, because of the severe weather conditions, concrete construction 
by conventional methods would have been impractical. The degree of 
severity of the weather was reflected in a rather large day-by-day varia- 
tion in the rate of slab erection; the average was about 12 slabs, or 960 
sq ft of form surface per day, and the maximum for any one day was 27 
slabs, or about 2150 sq ft of form surface. 

The slabs were delivered from the storage yard on a flat-bed truck, and 
they were picked up by a crawler crane which operated along the bottom 
for the lower 100 ft of the addition and along the roadway across the 
top of the dam for the remainder of the addition. As they were lowered 
into position, they were set on and against spacer shims to maintain 
grade and stationing and to provide suitable joint widths for grouting; 
they were aligned by transit set up on one of the abutments. Three 
of the dowels in each slab were then tackwelded to the anchor bars 
projecting from the upstream face of the old dam, before the crane 
relinquished the slab. All dowels were then fully welded to anchor bars, 
and selected weldments were proof-tested with a jack arrangement to a 
load of 25,000 Ib. 

The width of the open joints was usually of the order of \% in., al 
though some were in excess of 4 in. As each course of slabs was erected, 
the horizontal and vertical joints were grouted in order to prevent the 
later escape of Prepakt grout and to provide a full bearing area along the 
horizontal joints which after placement of the aggregate to the full 
height of the dam would be required to carry fairly high bearing stresses 

For the upstream face the joint forms consisted of a 3 in. wide muslin 
strip which was bonded to the slab with Duco cement. A light muslin 
of 50 threads to the inch was used for this work; 


this permitted the 
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seepage of excess water from the grout and thus was effective in pro- 
ducing a joint which, near the upstream face, was filled with mortar 
of low water-cement ratio. The joint opening at the downstream face 
of the slab assemblage was sealed by working a stiff mortar into the 
joint with a pointing trowel. 

The grout mixture used for joints of width less than 44 in. was in the 
proportion of two sacks of portland cement to 100 lb of Alfesil to 14 gal. 
of water to 3 lb of Intrusion Aid, with an air-entraining agent sufficient 
in amount to produce about 8 percent of entrained air. For joints of 
width more than 4 in., 300 lb. of Prepakt sand was added to the mix- 
ture and the water was increased to 15 gallons. The grout was injected 
into the joints under low pressure through a flat sharpened nozzle which 
was punched through the muslin. <A bit of dry cement placed in the 
hole in the muslin .as the nozzle was withdrawn formed a plug which 
prevented the escape of the grout. The work of taping and grouting 
the joints was performed from movable scaffolds, constructed to roll 
along the face on the top course of slabs; one scaffold carried the taping 
crew, and the other, equipped with mixer, pump and grouting materials, 
carried the grouting crew. 

No attempt was made to prevent freezing of the grout other than to 
heat the mixing water on cold days, so as to insure complete filling of 
the joint before freezing took place. Under the conditions of restraint 
imposed by the slab assemblage, it was thought improbable that ap- 
preciable expansion of the grout could take place as it froze in the rela- 
tively narrow joints and therefore that little damage due to freezing 
was likely to occur. The joints proved to be much more watertight 
than had been expected; later as the reservoir filled, the average leakage 
through the joints was calculated to be only about one pint per hour per 
linear foot of joint, when the head of water in the reservoir was 16 ft 
greater than the head of water in the aggregate behind the slabs. This 
small rate of seepage was probably parily due to the fact that the slabs, 
when placed, were both cold and dry——and therefore of minimum volume 
when the joints were grouted, 

Vig. 11 is a photograph, taken in late March, 1947, of the upstream 
face of the south half of the dam with slabs erected to about three fourths 
of its height. It will be noted that the slabs were placed in a grid pattern, 
with a vertical joint opposite each contraction joint in the old dam. It 
was expected that these contraction joints would extend themselves as 
cracks through the Prepakt concrete of the addition and would terminate 


at opposite slab joints. ‘To prevent seepage through such cracks, a con- 
tinuous Neoprene sealing strip, extending from the bottom to the top 
of the dam, was cemented over each of such joints on the inside face of the 
slab, 
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Fig. 11—This photograph, taken in late March 1947, shows upstream face of south half of 
dam with slabs erected to about three-fourths of its height. 


The placement of coarse aggregate, in a general way, kept pace with 
slab erection. Aggregate delivered from storage by truck was dumped 
into a 4d-yd skip which was raised by truck erane and dumped on a 
series Of planks supported by the anchor bars and arranged in such 
manner as to produce a seattering effect font, results were obtained 
by dumping from a point about 15 ft above the aggregate level in the 
forms, By depositing in layers in this manner, excellent particle-size 
distribution was obtained, and the vibratory effect of the falling aggre 
gate produced satisfactory compaction without further vibration, Ideal 
distribution of particle size would have resulted in a void content of 
about 30 percent. From the volume of grout later intruded into the 
aggregate to produce prepacked concrete, it has been calculated that the 
actual void content of the aggregate mass was 33 percent 

Prior to placing the aggregate, the 2-in. grout pipes, with '44 x Gein, 
slots spaced 30 in. apart, were placed in a row at about the mid-thieknes: 
of the addition, In the photograph of Fig. 11, the upper ends of these 
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pipes will be seen above the top tier of slabs. The level of the reservoir 
bottom is about 30 ft above the base of the dam. In the lower right of 
the picture will be seen the lower sluice gate which marks the level of 
zero gage height, about 40 ft above the base of the dam. This gate 
had been removed from the face of the old dam and placed in its new 
position, The flow of the creek is being diverted through the 24-in. 
pipeline that is seen to terminate at the lower gate. The conerete struc- 
ture in front is a stop-log well to permit temporary stoppage of flow 
should maintenance work on the gate seat ever become necessary. 


GROUTING OF AGGREGATE 


Grouting of the 12,500 cu yd of coarse aggregate to produce the 
conerete of the addition was done as a continuous operation within 
a period of 10 days. It was the largest application of the method so far 
attempted, and it was desired that the addition be monolithic, without 
cold joints. Spare mixing and pumping equipment was therefore pro- 
vided to insure against any but minor delays in the continuity of the 
grouting operation. 

From a central mixing plant (lig. 12), the grout was pumped through 
a main supply line, with points of discharge at small distributing pumps 
set up at intervals along the roadway across the top of the dam. The 
distributing pumps metered the grout through hose which at first were 
inserted to the full length of the slotted grout pipes and which were 
gradually withdrawn as the grout level rose within the mass of Prepakt 
aggregate, During the pumping operation, it was the general prac- 
tice to keep the lower end of each hose at least 3 ft below the grout 
surface, as determined by soundings made in adjacent inspection pipes. 

The batching plant, mixers, agitator and storage tanks, and master 
pumps were set up at the north end of the dam where the natural terrain 
offered the best opportunity to benefit from gravity in the handling of 
materials, Cement and Alfesil were delivered to the mixer over a 300- 
ft gravity-wheel conveyor from a storage area at a higher elevation, 

Sand was delivered by crane into the overhead surge bin and was 
batched by weight. Water was batched by volume, Cement, Alfesil 
and Intrusion Agent were batched by sacks. The mix proportions were 
2 sacks of ‘Type IL portland cement, 100 lb of Alfesil, 3 Ib of Intrusion 
Agent, and 300 Ib of Prepakt sand for which the average fineness modulus 
was 2.0. The specifications required that the freshly mixed grout 
exhibit a consistency factor of not less than 130 nor more than 160 as 
measured by a consistency meter developed at the University of Cali- 
fornia and deseribed in the specifications, 

The consistency meter used for these tests is essentially a torque meter, 
and the consistency factor is the angle of twist in degrees of a No, 16 
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Fig. 12--Grout batching and mixing plant, with master pumping plant in left foreground 
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steel music wire having a length of 26 in. between points of fixity. The 
sample of grout is placed in a flat-bottom metal pan with vertical sides 
that is mounted on a platform which may be rotated at the constant 
speed of GO rpm, Suspended from the lower end of the wire is a paddle 
assembly to which a torque is applied as the sample of grout is rotated, 
The paddle assembly consists of four 4-in. round metal rods which 
extend 2's in. laterally from a hub 5 in. in diameter and 5% in. long on a 
shaft ') in. in diameter. The weight of the paddles, shaft and disk 
assembly, which is carried by the music wire, is 16 lb. The edge of the 
disk is graduated in degrees, and the angle of twist, or consistency 
factor, is read by an index pointer attached to a cross strut which permits 
rotation of the assembly but prevents lateral movement. 

The grout mixers consisted of two dual-drum horizontal units—each 
drum having a capacity of 54 cu ft. Along the drive shaft running 
through the center of each drum, slotted blades shaped like spatulas were 
mounted on opposite sides in pairs with each pair set normal to ad- 
jacent pairs and tilted in a manner to create mixing currents from ends 
to center, A l-in. clearance between the blade ends and the shell ne- 
cessitated use of a Vin. scalping sereen between the batcher hopper 
and the mixer to remove occasional stones. The rate at which damp sand 
could be worked through this vibrating sereen proved to be the factor 
governing the speed of the entire grouting operation, 


Mixed grout was passed through a No. 8 vibrating screen (to remove 
oversize that might plug the pumps) into an agitator-storage tank, ‘There 
were two such sereens and two agitator tanks similar in construction to 
the mixers, except that each was a single-drum unit turning at 10 rpm, 
as compared with 60 rpm for the mixers. 


Grout was drawn as needed by gravity from the agitator tank and was 
pumped into a 1500-ft closed-circuit supply line that extended along the 
crest roadway and back to the agitator tank. Three twin-cylindered 
master pumps, two 4!o x 10 in, and one 4!9 x 6 in., were available, but 
the normal output could be handled by any one of the three. 


The outgoing supply line was 3-in, diameter pipe, reduced gradually on 
the return line to 144 in. as it passed over take-off points for distributing 
pumps located along the roadway. ‘The grout supply line was designed 
for a minimum pumping period of 7 days and for simultaneous operation 
of all distributing pumps with the intent of raising the grout uniformly 
across the entire length, A flexible hose connection was provided at the 
bend between the outgoing and return lines, permilting periodic rotation 
of each line to prevent coarse particles from settling and plugging the 
ayatem, ‘This precaution proved to be unnecessary, The lines were 
occasionally rotated during the first two or three days, and thereafter 
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not at all; but not a single plug-up occurred, although the master pump 
was sometimes down for periods of an hour or more. 

It was originally expected that the grout level would be raised by 
simultaneously pumping over the whole length of the dam, and enough 
distributing pumps, with spare units, were provided to furnish a positive 
metered feed to each of the 92 grout pipes that would simultaneously 
be employed under this scheme as the level of the grout approached the 
top of the dam. At the start of the grouting work, difficulty was en- 
countered with plugging of the pumps when all of them were simul- 
taneously operated at the very slow speed necessary to produce con- 
tinuous delivery from the volume of grout supply which was available. 
Thereafter zone grouting was practiced; the pumps in one zone were 
operated at normal speed required to prevent plugging until the grout 
level was built up several feet, then the pumps in the next zone were 
similarly operated, and so on until the grout level had been raised the de- 
sired amount over the full length of the dam, The temperature of the 
fresh grout, after being intruded into the aggregate mass, averaged 
about 50 F. At this low temperature, the grout did not stiffen ap- 
preciably during the first 15 hours. Using the zone method of grouting, 
no area was left ungrouted for longer than 12 hours, consequently there 
was no possibility of formation of cold joints. The grout level was 
determined at frequent intervals by soundings in the inspection pipes. 
When the grout in a given zone had been brought to the desired level 
and pumping was stopped, the insert hose were withdrawn from the 
grout pipes and were flushed out, and the distributing pumps were 
cleaned. 

The distributing pumps were small single-acting triplex units, de- 
veioped by the contractor, with three 2'%-in. pistons mounted in line 
under a crankshaft on which the driving cams were set 120 degrees apart. 
Displacement for each piston was 14 cu in., furnishing a positive metered 
feed to one insert. The discharge line from each cylinder was equipped 
with a three-way valve constructed with no dead spot, so that the out- 
put could be delivered either to the insert hose or be by-passed back 
to the surge tank without shutting the pump down, The units were 
powered either singly or in pairs with air motors. The main supply line 
passed over a 7 cu-ft. surge tank connected to the intake of each pump, 
grout was discharged from the supply line through a stopeock into the 
surge tank as needed. 

Two types of insert hose were used. One was a three-ply corded hose, 
the other a steel-braid hydraulic hose. The latter proved to be the most 
economical even though the initial cost was more than double that of the 
corded hose, Pressure pulsations caused the corded hose to breathe 
and change diameter enough to produce packing of coarse particles 
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between it and the grout pipe, thus making withdrawal of the hose 
difficult. Little trouble was encountered with the hydraulic hose stick- 
ing, especially if the operators were reasonably careful to work the 
inserts up and down a short distance every 15 minutes or so. 

lig. 13 is a view looking north across the top of the dam. In the 
upper left-hand corner are the mixing and main pumping plants. The 
outgoing supply line is at the base of the downstream parapet and the 
return line is elevated above the roadway, with discharge cocks directly 
over the small surge tanks for the distributing pumps. Grout pipes 
protruding from the aggregate mass are seen in the middle foreground. 
This photograph was taken on the last day of the work, just as the 
grout was brought to the surface of the prepacked aggregate at the road- 
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Fig, 13-——View to the north across the top of the dam on the last day of 
work, The reservoir level has just reached the crest of the spillway. 
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way level. At this time, the reservoir had just reached the crest of the 
spillway. 

In order to prevent later cracking of the addition, it was desired that 
the Prepakt concrete be kept at the lowest practicable temperature dur- 
ing the hardening period. A supply of water having a temperature of 
about 43 F was pumped from well below the surface of the reservoir. 
This was employed in precooling the coarse aggregate and as mixing 
water. The temperature of the fresh grout, as it was delivered to the 
master pump, averaged about 57 F. Rise in temperature along the 
grout supply line was prevented by wrapping the pipe with burlap kept 
moist by water dripping from a soil-soaker hose fastened to the top of the 
pipe. At times the grout returning to the main supply tank, after 
having been pumped 1500 ft through the supply line, was of lower 
temperature than when it left the pump. 

Specifications provided for cooling of the aggregate mass by pumping 
cold water through hose inserted in inspection pipes whenever the tem- 
perature of the water immediately above the zone of fresh grout was 
more than 5 degrees higher than the temperature of the water in the 
reservoir. This cooling watec was supplied through a 3-in. main, shown 
in Fig. 13, supported on the top tier of precast slabs at the upstream 
face. 

It was expected that the grout first reaching the top of the addition 
would be greatly diluted. Actually very little dilution occurred, and the 
total amount wasted from this and other causes over the entire length 
of 720 ft was estimated at no more than 4 cu yd. After the Prepakt 
concrete had hardened, pieces chipped from the top surface showed no 
lack of strength, and the hardened grout appeared to be of the same 
excellent quality as that observed in pieces cut at greater depths. [Ex- 
plorations made by chipping to depths as great as 2 ft. revealed no signs 
of voids, even close to the top surface. As a result of these explorations, 
observations of the behavior of the Prepakt grouts in displacing the 
water in aggregate masses behind glass-faced forms, and examinations 
of cores taken from other similar work, it is believed that the upstream 
addition to Barker Dam is as free from voids as conventional concrete 
would be. 


TEMPERATURES AND THEIR EFFECT 


During the period of filling the forms with coarse aggregate and also 
during the period of filling of the reservoir, strains in the anchor bars 
produced by lateral forces acting against the slab were determined by 
observations of the Carlson strain meters to which reference has pre- 
viously been made. From these strains, form pressures and stresses in 
the anchor bars were calculated. During grouting, as the grout level 
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rose and as the differential in head between the water level in the reservoir 
and that in the aggregate varied, the Carlson meters and resistance 
thermometers were frequently read to determine form pressures, tem- 
peratures of the water within the aggregate mass some distance above 
the grouting zone, temperatures of the water and fresh grout at their 
surface of contact, and temperatures of the hardening Prepakt concrete. 

The diagrams of Fig. 14 show these temperatures for various meter 
locations. Except for meter No. 22, which was at the top of the dam 
above the level of the water in the reservoir, none of the meters registered 
a temperature of water above the zone of grouting in excess of 45 F. 
Again excepting meter No. 22, the temperature of freshly injected grout 
and the layer of water immediately above the surface of the grout was 
greatest for heights 90 to 105 ft, during a period when the layer of warm 
water immediately above the grout was not being replaced by cold water 
supplied by pumping down inspection pipes. At height 90 ft the tem- 
perature of the hardening concrete was at a maximum of 68 F. After 
replacing the warm-water layer with cold water at height 115 ft, the maxi- 
mum temperature of hardening was only 57 F, or 11 degrees lower 
than that of the hardening concrete at height 90 ft. The effect of this 
rather simple method of precooling the aggregate is therefore apparent. 
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Fig. 14—Prepakt temperature readings during and after the grouting 
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The average maximum temperature for the entire mass which occurred 
during the hardening period was approximately 63 F—only 20 degrees 
above the temperature of the cold water of the reservoir and only a few 
degrees above the mean annual temperature of the region. In the 8-ft 
thick section the average temperature rise of the Prepakt concrete was 
only 16 degrees. The low cement content (3.1 sacks per cu yd) and its 
slow rate of hydration, caused by low temperature and the retarding 
effect of the Intrusion Agent, were responsible for this small temperature 
rise. 

Fig. 15 shows time-temperature curves for certain of the meters during 
the grouting period. These indicate that the hardening concrete reached 
maximum temperature at 2 to 4 days, depending upon the thickness of 
the section and the initial temperature of the freshly grouted mass. Even 
for the thickest section, the concrete had declined to a temperature of 
about 55 F at 10 days, when, under the low temperature conditions of 
curing, the mass was still of low strength and hence capable of plastic 
deformation under very low stresses. It seems reasonable to suppose 
that because the pieces of coarse aggregate were all in contact with one 
another and that because of the restraint of the coarse aggregate against 
longitudinal or vertical movement, the Prepakt concrete of the addi- 
tion will be substantially free of thermal tensile stresses for temperatures 
higher than about 50 F. Because, as the concrete hardened, the full 
water load was acting against the dam, there seems no possibility of the 
later development of large vertical tensile stresses within the addition, 
such as would exist under full water load had the work been done with 
empty reservoir. Under these conditions of favorable loading and 
favorable low temperature of curing,and with the protective assemblage 
of precast slabs placed at a time when their volume was at a minimum, 
the development of cracks like those commonly observed in additions 
to old structures similarly treated with conventional concrete seems 
unlikely. Cracks in the upstream face of a dam are highly undesirable, 
since under water load full uplift pressure will exist to their entire depth, 
and the cracked layer cannot be assumed to act monolithically with the 
uncracked mass. 

Had conventional concrete been employed, without the precast slab 
facing, with mix of sufficient richness to resist severe weathering action, 
and without benefit of precooling or postcooling, it seems safe to say 
that the average maximum temperature of the addition during the 
hardening period would have been some 40 degrees higher than the 
corresponding average maximum temperature of the Prepakt concrete. 
If it had been practicable to employ conventional concrete for the addi- 
tion, without benefit of both horizontal and vertical contraction joints 
at short intervals, it seems probable that due to the thermal changes, 
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large cracks of random pattern would have developed at fairly short 
intervals; and these cracks would have increased in size due to drying 
shrinkage during the 6 months in the year when normally a considerable 
portion of the upstream face is above the level of the water in the reser- 
voir. To prevent the formation of such cracks, it would have been 
necessary to divide the addition by horizontal and vertical contraction 
joints, perhaps as frequently as 10 ft. Even had these joints been sub- 
sequently grouted during a period of low temperature with reservoir 
empty, for reasons just mentioned it seems probable that the horizontal 
joints would have again opened when the reservoir was filled and the 
dam was subjected to its water load. It is considered nearly impossible 
to employ conventional concrete in the construction of a relatively thin 
upstream addition to a dam such as Barker and thereby produce an 
addition which would be reasonably impervious to the passage of water 
and behave monolithically with the old structure. 


FORM PRESSURES 


Lateral forces produced by aggregate deposited behind the forms, 
computed from strain-meter observations, exhibited large differences 
from one meter to another, and often these pressures were quite at 
variance with theoretical values. Not infrequently, the maximum 
pressure occurred when there was only a few feet of gravel above the 
meter; and as the depth of gravel increased, the form pressure decreased. 
Although the general trend was toward a decrease in pressure from bot- 
tom to top as would be expected, the pressure indicated by one meter 
might be no more than half of that. indicated by the meter above and 
by the meter below. Later behavior of the meters under water load 
left no doubt as to their reliability. Whatever may have been the cause, 
it appears that large-size gravel deposited under conditions similar to 
those existing at Barker Dam, may be expected to exert lateral forces 
against forms which vary widely within short distances. 


The maximum lateral pressure measured by the meter just above the 
concrete footing was 1,400 Ib per sq ft; here the thickness of the aggregate 
mass was about 8 ft, and the depth of the gravel fill was 160 ft. Ata 
meter only 7 ft above the footing, the maximum pressure was 520 Ib 
per sq ft, and at a meter 10 ft above the footing the pressure was 1380 
lb per sq ft. This pressure just above the footing subsequently declined 
until it was less than the maximum exhibited by a meter 100 ft above. 
In Fig. 16, the plotted points represent maximum lateral pressures at 
various elevations as calculated from strain-meter data. The curve 
perhaps in a general way shows the relationship between average maxi- 
mum lateral pressure and height of aggregate fill. 
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Fig. 16—Maximum form pressures caused by aggregate 


Shortly after the water was returned to the reservoir, a differential 
head of 25 ft between the level of the water in the reservoir and the 
level of the water behind the slab was created. This, of course, produced 
a downstream deflection of the slab assembly. Subsequently, when this 
differential head was decreased to nearly zero, it was observed that 
pressures produced by the aggregate behind the form just above the 
footing, as indicated by strain-meter measurements, were considerably 
greater than those that had been previously observed as the maximum 
when the reservoir was dry. Pressures at the higher levels remained 
substantially unchanged. As the reservoir filled, there was a more or 
less continuous variation in the differential head; and each time the 
differential decreased, the form pressure just above the footing continued 
to increase until shortly before the time of grouting, when it apparently 
came to a state of equilibrium. With the water level in the reservoir 
the same as that behind the slabs, this pressure was'in excess of 2,000 
lb per sq ft, a value considerably greater than had been assumed in 
design. 
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Fig. 17—Form pressures during the grouting period 


In the upper diagram of Fig. 17 it is seen that just before grouting was 
started the differential head was 15 ft. At this time, the water level 
was 15 ft below the crest of the spillway. Under this differential head, 
the form pressures at all elevations except just above the footing were 
small, and most of those below the levei of water in the reservoir were 
negative-—that is, the downstream pressures produced by the differential 
head were greater than the upstream forces produced by the aggregate. 


The diagrams of the lower portion of Fig. 17 show changes in form 
pressure during grouting. The origin of each of these diagrams is at a 
meter. During the first 2 days of the grouting period, the differential 
was decreased from 15 ft to 3 ft. It will be noted how uniform was the 
response of all meters below water level to this change, except the meter 
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which was below the grout level after the first few hours. In spite 
of the fact that the grout exhibited substantially no stiffening during 
the first 15 hours and did not take on its initial set for more than a day, 
the meter which had been covered with grout indicated a smaller increase 
in pressure than did the meters which were not so covered. 

Again, during May 30, when there was little change in the differential 
and when within this 24-hour period the grout level was raised about 23 
ft, the two meters which were covered during this period showed sub- 
stantially no increase in form pressure in spite of the rapid rate of grout- 
ing. An even more striking example of this unexpected behavior 
of the grout is illustrated by a study of the meters which were covered 
by grout on June 3. In spite of the fact that during this 24-hour period 
the grout level was raised 30 ft, none of these meters shows any ap- 
preciable increase that may be attributed to grout pressure, although 
those that during this period were above grout level responded perfectly 
to change in differential water pressure. From these observations, it is 
concluded that for any rate of grouting up to at least 30 ft per day and 
for grout mixtures and other conditions similar to those at Barker Dam, 
the form pressures produced by grouting a mass of aggregate previously 
placed are insignificant in amount as compared with the form pressures 
produced by the aggregate prior to grouting. In other words, when 
grouting is to be carried out under water, if the forms are designed 
safely to carry the lateral forces produced by the dry aggregate, they will 
safely withstand the pressure of the freshly intruded aggregate mass, 
regardless of the rate at which the grout level rises. 


ORGANIZATION 


Restoration of Barker Dam was carried out under the immediate 
supervision. of W. 'T. Neelands, resident engineer for the Public Service 
Co. of Colorado. Raymond EK. Davis, consulting engineer for the 
company, prepared the plans and specifications for the work and was 
responsible for general supervision of the restoration program, — EF, 
Clinton Jansen, hydraulic engineer, and L. B. Card, mechanical engineer, 
acted as representatives of the Public Service Co, The restoration 
work was under contract to the Prepakt Concrete Co., L. 8. Wertz, 


president, Cleveland, Ohio, for whom John Hofer was general super- 
intendent. 
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Discussion of a paper by Raymond E. Davis, E. Clinton Janson and W. T. Neelands: 
Restoration of Barker Dam* 
By PAUL BAUMANN and J. W. ROBISON 
By PAUL BAUMANN? 


It was the writer’s privilege to visit Barker Dam during the intrusion 
of the coarse aggregate so comprehensively outlined in the paper. Dur- 
ing the night after his arrival on May 28th, 1947, some 10 inches of 
snow fell at the dam and kept on falling intermittently during the 
following day. It was interesting to note that the intrusion operation 
was not materially affected by this untimely weather. Although a 
number of local men quit the job because of it, the contractor's “old 
faithfuls” worked longer shifts and kept up satisfactory progress of the 
work. Since the air temperature dropped well below freezing during the 
night and early morning hours shut-down of the work would have been 
unavoidable under existing conditions if conventional conerete, had 
been used instead of Prepakt. 


DESIGN 


The paper cannot help but to impress the reader with the ingenuity 
with which this job of restoration was conceived. All of the essentials 
connected with the problem of adding new concrete to old to form a 
single structural mass and overcome the inherent trend of separation 
between new and old were keenly conceived and provided for in the 
design. 

Novel, above all, is the use of precast reinforced concrete form slabs 
which were manufactured under perfect control relative to mix and 
admix, the curing, and therefore the physical properties of the finished 
product and which became an integral part of the structure. This is 
particularly significant where high resistance to freezing and thawing 
is important as in this case. The deterioration of the old concrete was 
principally due to this influence. 


*ACT Jounnat, April 1048, Proe, V. 44, p. 633 
tAssistant Chief Engineer, Loa Angeles County Flood Control District, Los Angeles, Calif 
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AGGREGATE 


The stream-worn material from a natural deposit immediately up- 
stream from the reservoir which was processed for use as coarse and 
fine aggregate compared favorably with materials called for in “standard 
specifications” for mass concrete. The coarse aggregate ranging between 
4g and 41% in. in size was well graded. Although a gradation curve is 
not shown in the paper, the fact that the average void space was 33 
percent of the total volume speaks for itself. Significant with Prepakt 
aggregate is the gap between the smallest size of coarse aggregate (°¢ in.) 
and the largest size of fine aggregate or sand (No. 16 sereen). In con- 
ventional concrete this discontinuity would if everything else remained 
unchanged (particularly the cement content of 3.10 sacks per cu yd) 
result in a “harsh” mass of low strength and high permeability. In 
Prepakt concrete this is not the case primarily because of the intimate 
initial contact of the coarse aggregate particles. In this connection 
it is helpful to conceive the Prepakt method of concrete construction 
basically as the separate handling of the solid (coarse aggregate) and 
the liquid (mortar) phase. It therefore is comparable with masonry 
where the maximum size of the sand in the mortar is independent of 
the minimum size of the stones. Herein lies a fundamental difference 
between Prepakt and conventional concrete. 


USE OF PREPAKT IN NEW CONSTRUCTION 


At Barker Dam the “face lifting’ of the old structure called for a 
relatively thin blanket of new concrete. The maximum size of coarse 
aggregate was therefore limited accordingly. In new construction of 
mass concrete dams the maximum size of aggregate would be governed 
by processing, transportation and placing facilities rather than by 
structural dimensions. It would, with suitable plant design, be practi- 
cable to extend the range of coarse aggregate to 12 inches or more in 
size. The average void space could then be held to 30 percent and the 
cement content to not in excess of 2 sacks per cu yd if the exposed 
surfaces of the Prepakt mass were protected by reinforced concrete 
slabs of high strength and resistance to freezing and thawing and low 
permeability, similar to those designed for Barker Dam. 

Instead of vertical intrusion and inspection pipes with intermittent 
slots described in the paper, horizontal pipes of similar size with con- 
tinuous slots along the bottom and accessible from the downstream 
side would be used since they would have the following advantages. 
They would: 

1. Simultaneously serve as form ties 
2. Lend themselves readily for the pumping of pre-cooling 
water into the coarse aggregate and the post-cooling of the concrete. 
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3. Make it possible to perform intrusion from the downstream 
face without interference with the placing of the aggregate. 
4. Serve to drain the concrete mass and thereby prevent uplift. 

It is obvious that the separate handling of the coarse aggregate in 
combination with the erection of the pre-cast form slabs makes Prepakt 
construction far less dependent on the elements than conventional 
concrete. This is of great importance where dams are to be constructed 
in high mountain or Nordic regions with prolonged sub-zero air temper- 
atures and frequent storms during a considerable part of the year. The 
placing of forms and aggregate at Barker Dam during the winter of 
1946-47 is a case in point. 

Naturally the coarse aggregate fill would be carried to the maximum 
safe height before each intrusion would commence. This limit in height 
is governed by (a) the mass stability and (b) the pressure of the aggre- 
gate and cooling water against the forms. 

Criterion (a) is satisfied if a triangular stable rockfill section with 
1!4:1 slopes can be inscribed in the loose or. ungrouted aggregate section 
so as to have the base of the triangle coincide with the base of the dam 
(foundation) or with the level of the grouted (intruded) aggregate and 
the apex of the triangle at the top of the loose aggregate. Criterion (b) 
is satisfied if the pressure on the forms and the tension in the pipe ties 
which is measured by means of electric strain meters attached thereto 
produce stresses which are within safe timits. 


By J. W. ROBISON* 


This discussion presents supplemental information to that presented 
by Messrs. Davis, Jansen and Neelands. 

The writer was present during the grouting operations at Barker Dam 
when a number of 6 x 12-in. field-control cylinders of Prepakt conerete 
were made. These cylinders were grouted in interconnected stacks con- 
sisting of two steel cylinder molds placed one on top of the other, and 
held together by steel rods bolted through the end plates. The molds 
were filled with graded coarse aggregate, and inundated with water to 
simulate the condition existing in the aggregate mass for the new 
concrete addition. Grout was then introduced through the bottom of 
each stack. After the cylinders had been pumped full of the same 
intrusion grout mixture as was used in the structure repair, the stacks 
were sealed off at a pressure of 10 psi. Some of these cylinders were 
immediately submerged in the lake where the curing temperature was 
approximately 48 F. A few companion specimens were cured at room 
temperature (about 63 F). The cylinders submerged in the lake were 


*Materials Engineer, Bureau of Reclamation, Denver, Colo. 
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SHRINKAGE TESTS 


—_—TESTS MADE FROM CORES ___. 





DRILLED FROM 
HOOVER DAM - 1943 
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Fig. A—Effect of drying shrinkage on cores drilled from Prepakt 
concrete and from original concrete in Arizona spillway tunnel, 


Hoover Dam, 1943 


allowed to remain for 6 days, after which they were removed, stripped, 
and water cured in the field laboratory for 3 days, then brought to 
Denver and placed in the 70 F 100 percent relative humidity room. 
The companion specimens, cured in water in the field laboratory, were 
brought to Denver at the same time. 
compressive strength, modulus of elasticity, and Poisson's ratio at the 


age of 90 days and 6 months, respectively. 


cylinders tested at 90 days are: 


Compressive strength 
Modulus of elasticity 


Poisson's ratio 


The results of the G-months test are: 


Compressive strengt 


h 


Modulus of elasticity 


Poisson’s ratio. . 


These cylinders were tested for 


The average results of 


1,100 psi 
3,790,000 psi 
O.17 


5, 100 psi 
3,990,000 psi 
0.17 


At the same time as the 6 x 12-in. specimens were made, a few 3 x G-in, 


cylindrical specimens for durability tests were fabricated ino a 


like 


manner, ‘These specimens were subjected to curing in the field laboratory 
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Fig. B—Log of cores drilled from Prepakt slab addition of Barker Dam, 1948 





Fig. C—View of 6-in. core drilled from Prepakt slab addition—Barker Dam—1948 


and brought to Denver with the other specimens, at which time they 
were placed in the fog room for 14 days curing, and then allowed to 
dry in the 50-percent relative humidity room for 184 days. Following 
this drying period the specimens were subjected to alternate cycles of 
freezing and thawing, and failure (loss in weight of 25 percent) occurred 
after 1,000 cycles. These results are enlightening, inasmuch as ordinary 
concrete is considered to be of acceptable quality if it will withstand 
100 cycles of freezing and thawing under similar conditions, This 
excellent durability is believed due to the gas voids generated by the 
grouting aid employed on this job. 


The drying shrinkage and weight loss of these specimens during the 
34-day drying period were substantially the same as that found in 
tests on specimens of average regular concrete. —Drying-shrinkage 
tests on other specimens of Prepakt concrete in the laboratory indicate 
that the drying shrinkage of Prepakt concrete is less than that of regular 


concrete, Fig. A shows this comparison, The Prepakt cores were ap- 
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Fig. D—View of section of core cut longi- 
tudinally to show the bond between the Pre- 
pakt concrete and the precast concrete slab 
(lower half—Prepakt concrete) 





proximately 3 years old at the beginning of the test, while the concrete 
cores were 10 years old. 

Another item of particular interest is the apparent good bond of 
Prepakt concrete to regular concrete. Recently two 6-in. cores were 
extracted by diamond drilling horizontally through the upstream 
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Fig. E—Graph showing modulus of elasticity and compressive strength of Barker Dam 
test cores 


Prepakt addition to Barker Dam. 


The cores, each approximately 4 ft 





long, included a section of the precast outer slab, the interior Prepakt 
concrete, and a portion of the old concrete of the structure. Fig. B 
shows the log of these drill cores while Fig. C is a view of one of the 
cores taken after arrival in the Denver laboratory. Examination of 
the cores and of the drill holes revealed that a good filling of the aggre- 
gate voids was obtained. In every case, the bond of the Prepakt to the 
old concrete and to the precast concrete slabs appears to be excellent. 
Fig. D is a view of a section of core cut longitudinally to show the bond 
between the Prepakt concrete and the precast concrete slabs. 

Tests conducted in the laboratory and examination of cores from other 
installations clearly indicate the good bonding qualities of Prepakt con- 
crete. Results of the tests made on the Barker Dam Prepakt drill cores 
at the age of 9 months are: 


Compressive strength... ..............200- 
Modulus of elasticity 


2,870 psi 
3,820,000 psi 
It should be pointed out that between the time of placement of the new 
addition and the drilling of the cores low temperatures prevailed. 


The graph of the stress-strain relationship of the drill core-specimens 
is presented in Fig. E. 
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Normal Stresses in Reinforced Concrete Sections 
Under Unsymmetrical Bending* 


By MICHEL BAKHOUMt 


Member American Concrete Institute 


SYNOPSIS 


In this paper is treated the problem of unsymmetrical bending, 
whether pure or compound, in reinforced concrete sections of any 
shape. Three general solutions (method of centers of action of steel 
and concrete, product of inertia method and method of successive trial) 
have been developed. Each can be used separately for finding the 
exact position of the neutral axis and consequently the distribution of 
stresses. The three solutions are based on the assumptions of the 
standard theory and, of course, lead to the same results. However, 
under certain circumstances the use of one solution may be simpler than 
the other two. From the results of the numerous examples that have 
been solved recommendations are given for making the first assumption 
of the direction of the neutral axis in such a way that the number of 
trials is considerably reduced. 


INTRODUCTION 

The most general case of bending stresses is that in which a normal 
force acts on an unsymmetrical section, or that in which it acts away from 
the axes of symmetry in the case of symmetrical sections. In either case 
if the force lies at infinity, we have pure bending. While much atten- 
tion is paid to the analysis of stresses in such cases for homogeneous 
materials, such as structural steel, it seems that the problem has not 
attracted sufficient attention, either theoretically or experimentally, 
in reinforced concrete. This despite the fact that it is at least as im- 
portant in reinforced concrete design as in homogeneous materials. 

The importance of this general case does not lie only in the fact that 
all other cases of bending can be referred to it, but also in that it is of 
frequent occurrence in reinforced concrete structures as illustrated. 


*Received by the Institute August 12, 1947. 
TLecturer at Fouad I University, Giza, Egypt. Temporarily at the University of Illinois, Urbana. 
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(a) The introduction of recent simpler methods of computing statically 
indeterminate structures has made it possible now to treat with ease 
reinforced concrete skeletons in buildings, bridges, towers, long span 
frames and several other structures as space frames acting in two direc- 
tions. In all such cases, we have bending in two directions on many 
elements. 


(b) There is an increasing tendency to choose the shape of the rein- 
forced concrete section to suit architectural, site and other conditions, 
and consequently, the engineer does not restrict himself to the choice 
of sections symmetrical in the direction of loading. 


(c) In many instances the reinforced concrete element may be sub- 
jected to direct bending in two directions as, for instance, in pillars 
supporting crane loads, in external beams subjected to wind pressure 
and vertical loading, in inclined purlins and in members of tanks and 
bunkers acted upon by horizontal pressures and vertical loading. 

It is clear that in several of the preceding cases the reinforced concrete 
element subjected to unsymmetrical bending may be of such primary 
importance in the structure that it would be unsafe to rely on rough 
solutions which are not based on accurate theory. 


It is the aim in this paper.to provide methods for checking the stresses 
in reinforced concrete sections under unsymmetrical loading, according 
to the ordinary assumptions of reinforced concrete design, neglecting 
the effect of concrete in tension. 


The difficulty for checking the stresses in such a case, arises from the 
fact that the principle of superposition of stresses which can be applied 
correctly for homogeneous sections is not applicable in our case. Any 
part of the concrete section which is not in the compression zone is con- 
sidered as non-active. The area of the section as well as its moment of 
inertia are functions of the position of the neutral axis which is not 
known and should be previously determined. 


In this paper, three different general solutions are provided, each of 
which can be applied analytically or graphically for finding the exact 
position of the neutral axis. They are entitled: 


1. Method of Centers of Action of Steel and Concrete. 
2. Method of Product of Inertia. 


3. Method of Successive Trial. 


These three solutions differ in theoretical basis and in procedure. In 
the first two, the procedure for determining the position of the neutral 
axis is by trial and error, while in the third it is by mathematical suc- 
cessive trial. 
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The paper is prepared such that each solution can be read separately. 
However, before dealing with each solution, the following two points 
which are common in the three solutions are given: 
| (a) Determination of the position of the neutral axis if its direction is 
known. 
(b) Determination of the values of maximum stresses if the position of 
neutral axis is known. 
Numerous examples are given, not only in view of illustrating the 
procedure of the work, but also to give a clear idea about the possible 
results under different conditions. 
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COMMON PARTS FOR THE THREE SOLUTIONS 
Determination of position of neutral axis if its direction is known 
Eccentric normal forces—Consider the reinforced concrete section shown 


in Fig. 1 which is subjected to an eccentric normal force P acting at p. 


Fig. 1—Locating the neutral axis if 
direction is known. Eccentric forces. 





If we assume the direction of the neutral axis to be as shown, then by 
taking moments about the parallel to the direction of the neutral axis 
through p: 


*The contents of this paper were first submitted to the University in 1939, 


Later they formed a part 
of the writer's thesis for the M.S. degree in 1942. 
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f fypda =0 
Putting f=he H — ¥p 
2 


we get f G Sal yp da = 0 


which gives wap er, Win The ko... nen a (1) | 
S, 28,.+8,. 
where J, = moment of inertia of the transformed area about the 
parallel to the neutral axis through p. 

Iys = moment of inertia of all the steel about same. 

Ipc = moment of inertia of the compressed concrete about same. 

S, = statical moment of the transformed area about same. 

Sy. = statical moment of all the steel about same. 

Spc = statical moment of the compressed concrete about same. 

Eq. (1) provides a simple solution for determining the position of the 

neutral axis if its direction is known. The following equation, which can 
easily be deduced, may be used for checking the position of the neutral 
axis. 


LS” SS en le (2) 
oa n Bae oe Snre 


where J, = moment of inertia of the transformed area about the neutral 
axis. 
Ing = moment of inertia of all the steel about same. 
Ine = moment of inertia of the compressed concrete about same. 
S, = statical moment of the transformed area about same. 
Snes = statical moment of all the steel about same. 
Sne = statical moment of the compressed concrete about same. 


Example: The reinforced concrete column shown in Fig. 2a is subjected to an ec- 
centric compressive force P = 200,000 lb acting at p (Fig. 2b). If the neutral axis is 
assumed to make an angle of 60 degrees with ab, find its position. Take n = 15. 

For the steel the moment of inertia and statical moment about the parallel to the 
neutral axis through p (Fig. 2b) are: 

nI yp, = 91,300 in.* 
MS, = 4040 in.’ 
Assume H = 16.0 in. Then for the compressed concrete: 
46.2 X 20° 


Tre 36 


20 
+ 46.2 X 2 X 9.32? = 50,200 in.‘ 


20 
Spe = 46.2 X > X 9.32 = 4300 in.’ 


141,500 ‘ 
From Eq. (1) H = "3340 = 16.92 in. 
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Fig. 2—Example, column subjected to eccentric compressive force. 


Assume H = 16.92 in. 
Alpe = 46.2 X 0.92 K 16.46? = 11,450 in.‘ 


A Sp = 46.2 K 0.92 X 16.46 = 700 in.* 
’ ; 152,950 ons 
From Eq. (1) H = 9040 * 16.92 in. 


Pure bending—Referring to Fig. 3, if the direction of the neutral axis is 
assumed to be as shown, its position can be obtained by trial from the 
condition that: 
se lh, + Big eis bcs os cuando (3) 
It may be more convenient to refer to a fixed axis. If we refer to the 
parallel to the neutral axis through the center of gravity of the steel o, 
we find: 


Fig. 3—Locating the neutral axis if Geoction | is 
known. Pure bending. 
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where S,. is the statical moment of the compressed concrete area A, 


about the parallel to the neutral axis through the center of gravity of 
steel. 


Eq. 4 gives a simple method for determining the position of neutral 
axis by successive trial if its direction is known. 


Examp.e: Find the position of the neutral axis if the section shown in Fig. 2a is sub- 
jected to a-couple M = 2,000,000 in.-lb acting in a direction parallel to ab, and the 
direction of the neutral axis is assumed to make an 80 degre? angle with ab (Fig. 4). 
Take n = 15. 

For steel, we have n A, = 240 in.* 

& and the center of gravity is at O, 





ei 











2 000000 
in.bb 


Fig. 4—Example, section subjected to pure bending. 








Assume H, = 4.0 in. 





92 
Soc = 40.8 X x 12.32 + 6 X 40.8 X 7.0 = 3440 in.? 
6.92 ae 
A. = 40.8 X Se + 6 X-40.8 = 385 in.? 
From Eq. (4) H or 5.52 in 
0 == = 5.52 in. 
arene 385 + 240 


Assume H, = 5.60 in. 


A Soc = 40.8 X 1.6 X 4.8 = 314 in.? 
A A, = 40.8 X 1.6 = 65.3 in.? 
H, = — = 5.6 in 
559.7 


Determination of maximum stresses if the position of neutral axis is known 
Eccentric normal forces: (Fig. 1) 


Jfa=P 
Putting f= Je Yn 





Z 
we get fé y, da = P 
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2 
which gives f. = iss oe yt (ee Seen ng (5) 
Se n Sns + Sne 
If we take moments about the neutral axis, 
ffday, = PH 
or fife Yn da y. = PH 
2 
which gives fi. = eg a (6) 








IT, MI ne + Ine 
where M,, is the moment of P about the neutral axis. 
Either Eq. (5) or Eq. (6) can be used for finding the value of f., then f, 
can be obtained from the stress diagram. 


Pure bending: (Fig. 3) Taking moments about the neutral axis we find 


fs day, = M cos 9 


f fe Yn da yn = M cos9O 
z 


which gives i> McosOz_ Mcos® z (7) 


, Po oe 


where 9 is the angle between the direction of M and the normal to the 
neutral axis. 





FIRST SOLUTION—METHOD OF CENTERS OF ACTION OF STEEL 
AND CONCRETE 
Consider a reinforced concrete section subjected to an eccentric com- 
pressive force P (Fig. 5). If the exact position of the neutral axis is as 
shown, then the external force P should be in equilibrium with the in- 
ternal forces on both sides of the neutral axis. For the purpose of this 


Fig. 5—Method of centers of action of steel 
and concrete. Eccentric forces. 














i si 
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Fig. 6—Method of centers of action of 
steel and concrete. Pure bending. 





where f,, is the ordinate of the stress diagram at the center of gravity of 
steel 0,, iz, and 7,, are the radii of gyration of steel about the principal 
axes x, and y,, and m, e, h, f are as shown in Fig. 5 and 6. 

It can be proved from Fig. 7 that the value and position of R are given 
by the following equations: 


> 
4 Fig. 7 (below)—Determination of value 
: and position of R 

SE 
' 
, 
’ 
> solution we will consider the equilibrium of the force P with the following 
4 forces: 
R = the compressive force in the compressed concrete. 
f S = the tensile (or compressive sometimes) force in all the steel in 

the section. 

These three forces should lie on the same straight line and should fulfill 
i the other requirements of equilibrium. 
‘ In the case of pure bending (Fig. 6), the external couple is in equilibrium 
with the forces: R in the compressed concrete and S in the whole steel 
f in the section. Thus R and S should lie on a parallel to the direction of 
i the external couple besides fulfilling the other requirements of equilibrium. 
In both cases, if x, and y, are the principal axes of inertia of steel 
l alone, it is easy to prove that the value and position of S are given by the 
following equations: ' 

ESR Fe ee ee a ae (8) 
a 

i == o 
4 ae EE. SRS a ee oe (9) 
| h =" | 
J 


Sn Rp ee bole ab led ou (10) 
tp = om 

Bus 

| ce (11) 
faa 
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where f.. is the ordinate of the stress diagram at the center of gravity of 
the compressed area A,, J, and S,, are the moment of inertia and statical 
moment about the neutral axis n — n, Xmnc- is the product of inertia about 
the neutral axis n — n and any perpendicular to it m — m, and zp and yp 
are the distances of R from the axes n—n and m-—m. The general 
equations for the value and position of R, however, need seldom be used. 

In Table 1 are given the values and position of R for some important 

‘ases. Other cases can be deduced from the table by vector summation. 

The last case in Table 1 occurs frequently in practical problems. The 

curves shown in Fig. 8 are given to avoid using the relatively complicated 

equations for the case. 

The procedure for analyzing the stresses is as follows: 

1. Determine the principal axes of inertia of steel x, and y, and the 
radii of gyration for steel 7,. and Zys. 

2. Assume any reasonable direction for the neutral axis and find 
the corresponding position from Eq. (1) in the case of eccentric 
forces, and from Eq. (3) or (4) in the case of pure bending. 

3. Find the position of S from Eq. (9) and the position of R from 
Table 1 or Eq. (11). 

4. For the exact position of the neutral axis, P, R, and S should 

be on the same straight line in the case of eccentric forces. R 

and S should lie on a parallel to the direction of the external 

couple in the case of pure bending. If this condition is not ful- 
filled, repeat the work for another assumed direction. 

5. After the exact position of the neutral axis has been found, the 
distribution of stresses can be obtained either by the use of Eq. 
(5), (6) and (7), according to the case considered, or by consider- 
ing the equilibrium of the external force P or couple M with the 
internal forces S and FR using Eq. (8) and (10). 

‘As a guide for making the first assumption for the direction of the 
neutral axis, it is advisable to compute first the direction corresponding 
to the case in which all the concrete is considered to act, and to assume a 
direction approximately parallel to that. It has been found that, es- 
pecially where the reinforcement is uniformly distributed in the section, 
the difference between the two directions is generally small. This step 
is not essential but it helps to reduce the number of trials. 


In most cases one or two trials are sufficient. In exceptional cases 
three trials may be needed before finding the exact direction of the 
neutral axis. A systematic procedure in such cases is as follows: We 
find the angle of error at P, R or S for the first and second trials and 
assuming this angle to vary linearly with ¢, (@ is the angle which the 
neutral axis makes with the direction of any fixed axis, say the hori- 
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Fig. 8—Graphical aids to determination of R, as shown in the last case of Table 1 
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the corresponding angles of error. 
which the angle of error vanishes can be obtained. 


EXAMPLE 1: 









ne. 
Ws 





24-0 




















Fig. 9—Example, methods of centers of action of steel and concrete. 


The principal axes of inertia of steel are x, and 1,. 
A, = 3.2 in’. 
,, = 0 
i), = 10.95 in?. 
Assume @ = 45 degrees. From Eq. (4) H, = 9.1 in. 
Position of S from Eq. (9): 


10.95 
h=0 - 
yt” 


Position of R from Table 1 is as shown in Fig. 9. 
The line RS makes 81 degrees with the z, axis. 
Assume @ = 60 degrees. 





= 0.84 in. 


Repeating the work we find that the line RS makes 75 degrees with the z, axis. 
the assumed direction is correct. 


The distance between R and S equals 18.4 in. 
800,000 





Thus R = § = = 43,500 lb. 
Ka iat, 
From Eq. (8) 
43,500 : 
Jos = 15 x 3.2 om 910 psi 


Thus the stress diagram can be drawn. ‘We find that 
fe = 1,260 psi and f, = 20,900 psi. 


April 1948 


zontal) we find the value of @ for which the angle of error is zero. If 
this trial still gives an angle of error, we plot the three values of ¢ against 
From the curve the value of @ for 


Check the stresses in the rectangular section shown in Fig. 9 if it is sub- 
jected to a bending moment of 800,000 in.-lb acting at an angle a of 75 degrees with the 
horizontal axis. Take n = 15. 


Thus 

















nem 
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Fig. 10—Example, method of centers of action of steel and concrete. 


EXAMPLE 2: Check the stresses in the same section of Example 1 if it is subjected to a 
horizontal moment of 78,500 in.-lb, a vertical moment of 484,000 in.-lb and an axial 
tensile force of 39,200 lb. Take n = 15. 
The resultant force is an eccentric tensile force, P = 39,200 lb acting at p (Fig. 10). 
Assume @ = 45 degrees. From Eq. (1) H = 16.5 in. 
Position of S from Eq. (9): 
10.95 : 
h=0 m = — = 0.56 nn. 
19.4 
Position of R from Table 1 is as shown in Fig. 10. P, R and S do not lie on the same 
straight line. The angle of error at P equals 23 degrees 30 minutes. 
Assume ¢@ = 60 degrees. From Eq. (1) H = 13.8 in. 
Repeating the work as above we find that still there is an angle of error at P of 15 
degrees. 
Assuming ¢@ = 75 degrees and repeating the work we find that P, R and S are on the 
same straight line. Thus the assumed direction is correct. 


3.86° X 15.44 


S, = 15 X 3.2 X 7.68 — = 330 in.* 


39,200 X 3.86 
From Eq. (5) f. = — = 460 psi 


and from the stress diagram f, = 21,200 psi. 


ExampLe 3: Check the stresses for the case shown in Fig. 4. 


Take n = 15. 
The princiap! axes of inertia of steel are z, and y, as shown in Fig. 11. We have 
A, = 16in.* 


tes? = 212 in.? 
ive? = 89.1 in.? 
Assume ¢ = 90 degrees. From Eq. (4) H, = 5.85 in. 


ie 212 . 
Position of S: h = — = 12.2 in. 
17.4 
9.1 
m= oo = 14.4 in. 
6.2 











—— 
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Fig. 11—Example, method of centers of action of steel and concrete. 


Position of R from Table 1 is as shown in Fig. 11. The direction of the line RS makes 
an angle of error of 18 degrees. 

Assume ¢ = 80 degrees. From Eq. (4) H, = 5.6 in. 

Repeating the work we find that the direction of RS makes an angle of error of 3 
degrees 40 minutes in the opposite direction. 

Assuming linear variation of the angle of error with ¢, we find that the angle of error 
should vanish for ¢ = 81 degrees 40 minutes. 

Assume ¢ = 81 degrees 40 minutes. From Eq. (4) H, = 5.64 in. 

Repeating the work we find that the angle of error equals zero. Thus the assumed 
direction is correct. 

The distance between FR and S equals 28.0 in. 


From Eq. (8): 
2,000,000 


fo = 98 x 15 X 16 
From the stress diagram f, = 575 psi and f, = 16,700 psi. 


= 297 psi. 


SECOND SOLUTION—METHOD OF PRODUCT OF INERTIA 


In this solution some simple relations will be developed for both the 
case of eccentric forces and pure bending. These relations give simple 
methods for determining the exact position of the neutral axis by trial 
and error. 


Eccentric normal forces 
In the reinforced concrete section shown in Fig. 12 the x and y axes 
will be taken as the neutral axis n — n and the normal to it through P. 


Taking moments about the normal to the neutral axis through P we 
find 


ffdax = 0 
Putting f = £= 


we have fs%e da = 0 
z 
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Fig. 12—Product of inertia me- 
thod. Eccentric forces. 





which gives fry da = 0. 
Thus Xnp = 0 \ 
ce To feces her ate ak Lhe aoe de (12) 


where X,,,, Xnps and X,»- are the products of inertia for the virtual area, 
the steel and the compressed concrete respectively about the neutral 
axis and the normal to it through P. 

Eq. (12) can be expressed in words as follows: ‘The orthogonal 
product of inertia for the transformed area about the neutral axis and 


the normal to it through the point of application of the external force 
equals zero.” 


This gives a simple procedure for finding the exact position of the 
neutral axis as follows: We assume a reasonable direction, preferably 
approximately parallel to the direction for the case in which the full 
transformed area is considered to act. Then from Eq. (1) we find the 
position of neutral axis corresponding to the assumed direction. We 
compute then X,,. If it does not equal zero we repeat for another 
direction. In general one or two trials are required although sometimes 
three trials are needed. It is always advisable to plot X,, against @ in 
order to find the value of ¢ for which X,, vanishes. (@ is the angle 


which the neutral axis makes with any fixed direction, taken here the 
horizontal.) 


Pure bending 


In the reinforced concrete section shown in Fig. 13, the 2 axis is taken 
as the neutral axis n —7n and the inclined y axis is taken as any parallel 
to the direction of the external couple / — I. 

Taking moments about l — | we find 


Sfdazsina =0 





_——_ 


a 


eee 
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Fig. 13—Example, product of 
inertia method. Pure bending. 





Substituting Sf =fe g 


we have fre VY daxsina = 0 
2 


which gives J xyda 0 
Thus Xu =0 is 
or n Xan + Xn = 0 ‘as Oe ery P 3) 


where X,,, Xn» and X,,. are the inclined products of inertia for the 
virtual area, the steel, and the compressed concrete respectively about 
n-nandl-—l, 

Eq. (13) can be expressed in words as follows: “The inclined product of 
inertia for the transformed area about the neutral axis and any parallel 
to the direction of the external couple equals zero.”’ 

If we take, through 0, a perpendicular m—m to the neutral axis, and 
transfer the axes in Eq. (13) to the orthogonal axes n—n and m—™m, it 
can be proved that the relation between the inclined and orthogonal 
products of inertia is given by: 

Xu = Xun — [, cota 

Substituting in Eq. (13) we find 

en I, cot a 0. 
From which 


ivmaeise ».» (14) 


/ . 
tan a ee ee be eile vqve4 pies) (15) 


nm 


For finding the exact position of neutral axis: 
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We assume a reasonable direction as stated before and we find the 
corresponding position from Eq. (4). Then we take any perpendicular 
to the direction of the neutral axis and check whether condition (14) 
or (15) is fulfilled. One, two or rarely three repetitions may be required. 

The method of product of inertia can be best applied graphically. 
The values of X,, in the case of eccentric forces and X,, in the case of 
pure bending can easily be obtained graphically and checked to be equal 
to zero. In both cases a semi-graphical solution is also very simple. 
The section can be divided into small strips and the values of X,, or i 
X,, can be computed in a table. 





Rtn 
BoAK ¥8in 






Fig. 14—Checking stresses by product of inertia method 


ExamMpLe: | Check the stresses in the section shown in Fig. 14 for an eccentric com- 
pressive force P 60,000 Ib acting as shown in figure. Taken 15. 

Assume @ 15 degrees, 

From hq. (1) H 8.0 in. 


Computing the product of inertia about the neutral axis and the normal to it through 
p we find that 


Aus 19.6 in.' 
Condition (12) is not satisfied, 
Assume @ 46 degrees, 
From Eq. (1) we find 8.0 in. 
Computing X,, we find thal 
Xnp = 0 
Thus the assumed direction is correct. 
S, 614 in.* 
From kq. (5) f, 1200 psi; then from the stress diagram f, 380 psi. 


EXAmPLe 2: Check the stresses in the section shown in Fig. 15 for an eccentric com- 
pressive force P 120,000 Ib acting as shown, If the full transformed area is con- 
sidered to act, the direction of the neutral axis makes an angle of 37 degrees 14 minutes 
with the horizontal. The steel here is uniform over the section and it is expected that the 
exact direction will have approximately a parallel direction, Thus: 


Assume @ 37 degrees 14 minutes, 


From Eq. (1), H 30.8 in, 
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4 ' Fig. 15—Checking stresses 
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Computing the product of inertia about n —n and the normal to it through P we 
find that X,, = 0. Therefore the assumed direction is correct. 
From Eq. (5): 
fe = 945 psi and f, = 19,700 psi. 





ExampLe 3: Check the stresses in the L-section shown in Fig. 16 if M = 250,000 in.- 
lb. Taken = 15. 
Assume @ = 30 degrees. From Eq. (4) H, = 7.7 in. 
The axis m — m is taken as shown. 
We find that: 
I, = 1,680 in.‘ Xinm = 656 int, 
Xum ~ 1, cot a = 656 - 1680 cot 60 degrees = —314 in.‘ 
Thus condition (14) is not satisfied. 
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Assume @ = 20 degrees. From Eq. (4) H, = 8.4 in. 
I, = 1920 in. Xnm = 658 in.‘ 
Xnm- I, cot 70 degrees = —39.0 in.* 

Condition (14) is still not satisfied. 

Assuming that the inclined product of inertia varies linearly with ¢, then the product 
of inertia should vanish for @¢ = 18 degrees. 

Assume @ = 18 degrees. Repeating the work we find that 

Xum—I, cot 72 degrees = 18.4 in.‘ 

Plotting the above three values against ¢ we find that the inclined product of inertia 
vanishes for ¢ = 18 degrees 20 minutes. The work was repeated for this angle and the 
value of Xnm—I, cot 71 degrees 40 minutes was found equal to zero. Thus the assumed 
direction is correct. 

From Eq. (7): fe = 830 psi, f, = 18,100 psi. 


THIRD SOLUTION—METHOD OF SUCCESSIVE TRIAL 
Eccentric normal forces 
Consider the -reinforeed concrete section shown in Fig. 17 which is 
subjected to an eccentric compressive force P acting at p. Taking any 
two convenient perpendicular axes through p, it can be proved that for 
the exact position of the neutral axis: 


Fig. 17—Method of successive 
trial. Eccentric forces. 





i I,cos@ + X,y sin @ 


eel (16 
S, 
H = | me> I, sin @ (17 
Sy 
From Eq. (16) and (17): 
X,S;- S 
tang = Kw So — 1 Be .. (18) 


EF oify =~ 3B: 
Where S, and S, are statical moments of the transformed area about 
the x and y axes; /, and J, are the moments of inertia of the transformed 
area about the x and y axes and X,, is the product of inertia for same. 
Each of the above values consists of a part for all the steel in the sec- 
tion and a part for the compressed concrete. For example, S, = n S., + 
S,. and similarly for the other four values. 


f ee ae eee 
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Eq. (18) provides a simple method for determining the exact position 
of the neutral axis by successive trial. The procedure is as follows: 

We assume a reasonable direction for the neutral axis; then its position 
for this assumption can be obtained either from Eq. (1) or from Eq. (16) 
or (17). Then we compute the values of S,, S,, J,, J, and X,, for the 
transformed area and substituting in Eq. (18) we get a better value of 
@. The work has to be repeated successively until condition (18) is 
satisfied 

If the line joining p to g (the center of gravity ef the transformed area) 
makes an angle a with the x axis, Eq. (18) can be put in the following 
form: 

tan d@ = NT AF Sci OR oy -. a. (19) 
Xz — I, tana 

It can also be proved that if the axes x and y are taken through the 
center of gravity of the transformed area instead of through p we get 
the same equation as Eq. (19). 






> 
Pa 2 
LY Fig. 18—Method of successive trial. Pure bending. 


Pure bending 

In this case p lies at infinity and g lies on the neutral axis (Fig. 18). 
If the axes x and y are taken through the center of gravity of the trans- 
formed area it can easily be seen that the direction of the neutral axis 
should be given by Kq. (19). 

The procedure for finding the exact position of the neutral axis is as 
follows: We assume a reasonable direction and from Eq. (4) we find 
tlfe corresponding position. Then we take any two convenient perpen- 
dicular axes through the center of gravity of the transformed area and 
compute the values of J,, J, and J,, for the transformed area about the 
axes x and y. Substituting in Eq. (19) we get a better value of @ The 
work has to be repeated successively until condition (19) is satisfied. 

Notice that for pure bending, all the computations have to be repeated 
for each trial, while in the case of eccentric forces, if the axes are taken 
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through p, the values of S.s, Sys, Zs, Zy.s and X,,, concerning the steel 
are the same for all trials. The work has to be repeated only for the com- 
pressed area of concrete. However, sometimes Eq. (19) must be used 
with reference to axes through g in the case of eccentric forces. This is 
especially the case where p lies very far from the section. The appli- 
cation of Eq. (18) may otherwise necessitate the use of accurate compu- 
tations by a calculating machine. 

The method of successive trial may also be applied graphically or semi- 
graphically by dividing the section into small strips and finding the 
values required for Eq. (18) or (19). However, it is considerably more 
convenient in this case to use the following abbreviated solution: 

(a) In the case of eccentric forces take the x axis as the line pg and the y 
axis as the perpendicular to it either at p or at g. 

(b) In the case of pure bending take the 2 axis as the parallel to the 
direction of M through g and the y axis as the perpendicular to it through 


In all the above cases, the direction of the neutral axis is given by 
I, 
tang = — — : ieieeee as 6s cake 
b ca] 
where ¢ is the angle which the neutral axis makes with the 2 axis. 
Thus we have only to find the values of 7, and X,, either graphically 
or in a table and to proceed by successive trial using Eq. (20). 












































Fig. 19—Checking stresses by method of successive trial 


EXAMPLE 1: Check the stresses in the case shown in Fig. 2. Take n = 15. 
The axes z and y are taken through p parallel to the sides of the column (Fig. 19). 
For the steel n A, = 240 in.* and 


nS,, = 2860 in. nS,, = 3040 in.’ 
n I, = 80,480 in.* nly, = 64,140 in.4 n Xyy. = 27,340 in. 


Assume @ = 45 degrees. From Eq. (1) we find H = 17.2 in. 
For the compressed concrete area: 
See = 3,098 in. Syc = 4,280 in.* 
T,¢ = 38,140 in.‘ Tye = 64,000 in.t Xygye = 16,310 in.* 
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Fig. 20—Example, checking stresses by method of successive trial 


Substituting in Kg. (18): 

é 43,650 * 5,058 118,620 * 7,820 
” 43,650 X 7,320 — 128,140 X 5,958 — 
Assume @ ~ 54 degrees, From hq. (1) Heo 17.4 in, 


The values of Soe, Syo, Teo, Tye and Nyy. were computed and substituting in Eq. (18) 
we find @ » 58 degrees, 


tan 1.38 b 4 degrees-6 min, 


Assume @ = 58 degrees, Repeating the work as above, we find @ 58 degrees 8 
minutes, The difference is neglegible and the assumed direction is correct. 

S, = 4,420 in,* 

From iq, (5): 
200,000 * 2) 
i * - = 1,230 pai. 
4,420 

From the stress diagram f, = 12,850 pri. 


Examrieé 2: Check the stresses for the case shown in Fig. 20 (similar to Fig. 9) using 
the method of successive trial, 
Assume @ = 45 degrees, From hq, (4) I, = 9.1 in, 
The center of gravity of the virtual aren is at g, 
Taking the axes 2 and y through g we find: 
I, = 11,800in.¢ J, = 1,760in.4 NX,, = 136 in! 
Substituting in lq, (19) we find @ = 59 degrees, 
Assume @ = 50 degrees, From Hq. (4) H, = 6.96 in. 
Repeating the work as above we find that 
& = 0 degrees 30 minutes, 
Assume @ = 60 degrees 30 minutes, The corresponding //, = 6.8 in, 
Repeating as above we find that Inq, (19) gives @ = 60 degrees 30 minutes 
Thus the assumed direction is correct, 
1, = 4,170 in,* 
From Bq. (7) fe = 1,250 pai; then f, = 21,000 pai, 


Examrie 3: For the cane shown in Fig, 10, the successive trials were @ = 45,70 and 75 
degrees. 
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REMARKS 


In all except one of the examples given here, any reasonable direction 
was taken for the first assumption of the direction of the neutral axis. A 
study of these examples, as well as of numerous others, has shown that in 
many cases, the exact direction of the neutral axis varies only within 
small range from that for the case in which the full transformed area is 
considered to act. This is especially true where steel is uniformly dis- 
tributed and where the compressed concrete area is relatively large. 
Table 2 gives a comparison between the angle @ and the angle @;, the 
latier being computed for the full transformed area: 7.e., conerete over 
all the section considered to act. 

It is clear, from this table, that @ gives, in most cases, a good assump- 
tion for the direction of the neutral axis. 

The first solution is especially recommended where the steel bars have 
at least one axis of symmetry and the compressed concrete area is not 
complicated, In other cases the method of product of inertia may be 
found simpler especially if applied graphically or semi-graphically in a 
table. ‘The method of successive trial can be used in any case. Although 
it is somewhat more tedious and requires more computations, it con- 
verges rapidly towards the exact value and is more precise, ‘The abbre- 
viated graphical or semi-graphical procedure represented by Eq. (20) 
may be found more convenient for a solution by successive trial. 


TABLE 2—-COMPARISON BETWEEN # AND ¢, 


Dig, No, Oi) od 
4) 60 degrees 0 minutes | $1 degrees 0 minutes 
10 75 0 40 lh 
11 SI 10 77 20 
14 Th 0 | 4 A3 
ih 37 14 37 14 
16 18 20 12 dl 
1) 58 0 57 27 
ERRATA 


p. OSL, Pig, 10, left diagram: change 0.64 to 0,56 


p. O85, Example 2, second line: after “shown,”, add “(nm « 15)" 
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Progress with Concrete, 1923-1948* 


A symposiumt with contributions by WALDO G. BOWMAN, P. H. 
BATES, J. C. PEARSON, ROY W. CRUM, FRANK E. RICHART and 
RODERICK B. YOUNG. 


SYNOPSIS 


Five past presidents of the American Concrete Institute and an editor 
of engineering periodicals review and evaluate a quarter-century of 
progress in concrete theory, design and practice. Problems of 25 years - 
ago are recalled, and the extent to which they have been solved dis- 
cussed. Landmarks of progress are enumerated; today’s problems 
(both new and old) are acknowledged. Difficulties encountered in 
formulating standards and specifications are reviewed; progressive 
changes in cement specifications are listed. Suggestions are made for 
continuing research programs and improved research techniques. In- 
spection practices are criticized and corrections suggested; the import- 
ance of consistency control and air entrainment effect are stressed. 
The history of alkali reaction studies is outlined. Important steps in 
structural design and theory are pointed out in some detail; there is a 
similar emphasis on progress of durability studies, and special mention 
ismade of developments in highway construction, 


Was it Progress and Was it Enough? 
By WALDO G. BOWMANt 


Member American Concrete Institute 


Ed Wynn, the actor, used to come on the stage with a halter in his 
hand, look at it with a puzzled expression and exclaim, “Either I’ve 
found a halter or I’ve lost a horse.”’ Eventually, of course, he found a 
horse. 

Our task today is not unlike that bit of whimsy in that it is to assay 
the past 25 years in terms of our successes and failures in harnessing iso- 


*p resented at the ACI 44th Annual Convention, Denver, Cc olo., Feb. 25, 1948. 

tInspired by the 1923 Rosinewing News-Record editorial, ‘‘“Some Doubts About Concrete” as reprinted 
ACI Journat, Jan. 1948, Proc. V. p. 345. 

tEditor, Engineering New oe pe Construction Methods, New York, N. Y. 
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lated ideas and theories to practical uses in the field of concrete. Not 
only should we expect to learn something from past experience in match- 
ing our halters to our horses, but some still unmatched units in both 
categories may be brought closer together. The real job of this sym- 
posium is in the hands of the several experts whose papers will follow 
this one. In an inexpert sort of way I am merely to set the stage. 

To emphasize that the intent of this symposium is to search our souls 
rather than to sound trumpets, such a brutal question as ‘Was it progress 
and was it enough,” as used for the title of this paper, is not entirely 
out of place. Perhaps by putting on a hair shirt, so to speak, we can for 
a brief interval remind ourselves: that nothing is permanent, not even 
concrete; that the world managed without the present modern product 
for a good many years; and that new materials, or the improvement of 
old competitive materials, constantly threaten to supplant it in first one 
and then another application. 

If the irritation becomes too great, we can momentarily doff this 
scratchy garment and glory in a few successes, still, however, without the 
mental laxity which would grant that any of them were foreordained or 
even arrived at in the most efficient manner possible. 

To begin with, it is probably fair to say that both the troubles and 
the successes of the concrete art stem from a chronic ambition. Not only 
has the concrete technician sought to attain the elusive and always re- 
ceding goal of perfection for his product— greater waterproofness, higher 
strength, increased durability—but he has studiously sought to multiply 
its uses and extend its field of application. He has asked for trouble, 
and in large measure he has thrived upon it. He achieved success, but 
was it enough? That is the question, and it may be expressed in two 
parts: 


Are we solving the problems that our predecessors, in their lifetime, 
were unable to solve? And even more important, are we facing these and 
new problems with more honesty, initiative, good will and courage than 
our predecessors were able to muster? 

Note that I have omitted technical knowledge and skill from this com- 
parison. Naturally the scientist and engineer of today is better equipped 
in these respects. Our concern is with whether he is using his superior 
tools and experience more efficiently. 

To line up some initial answers to these questions we might consider 
the problems that beset us twenty-five years ago. With your indulgence, 
I will take as authority for what these problems were an editorial in 
Engineering News-Record Feb. 1, 1923, which was titled “Some Doubts 
About Concrete.” Stemming from the proceedings of the Institutes’ 
19th annual meeting, held that year in Cincinnati, it was written by the 
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late Frank C. Wight, with the critical and careful collaboration of his 
colleague F. FE. Schmitt, two men whose interest in the American Con- 
crete Institute and whose sympathetic concern for the concrete art were 
unquestioned and well known. 


The editorial noted a certain smugness of attitude regarding the state 
of the art at that time, and a tendency in some quarters to gloss over or 
suppress facts regarding concrete that had gone bad after 5 to 15 years 
of outdoor exposure. It may fairly be said that the past quarter century 
has seen great progress in overcoming this juvenile and shortsighted 
practice. Time and again papers before this Institute have described 
and analyzed concrete failures. Committees have probed them, and 
research has been instituted to find corrective measures. “Concrete for 
permanence,” which used to be fighting words, now merely constitute a 
phrase expressing a sincere and sought-after hope. In overcoming smug- 
ness and self satisfaction there has been a distinct gain. It needs to be 
guarded, and it should be increased. 


Twenty-five years ago the action of concrete in seawater—sometimes 
good, sometimes bad—was a prime puzzle. In the interim, seawater 
deterioration has yielded somewhat to better proportioning of mixes 
and special cements, but is still too frequent, largely a result of another 
shortcoming that has been perennial—inadequate popularization of the 
methods of good concrete making. 


Inadequacy in this instance is not synonymous with lack of progress, 
for there has been a tremendous increase in knowledge of concrete-mak- 
ing, which has been spread far and wide. Unfortunately, the parallel 
growth in need for knowledge has become super-colossal. Relatively, 
the inadequacy, although less than a quarter century ago, is still, never- 
theless, substantial. As a suggestion, I submit that it could be reduced 
by simplification, if not of procedures at least of the language in which 
instructions are written. Nothing incites a contractor to obstinacy more 
quickly than laboratory language. 

And with respect to shortcomings, the role of inspection in permitting 
bad concreting should not be overlooked. Excepting the state highway 
departments, the Bureau of Reclamation, the Corps of Engineers and a 
few similar organizations, inspection is far from satisfactory. In too 
many cases the architect or engineer hires the inspector, but the con- 
tractor pays him either directly or indirectly. How can good inspection 
be expected under such a procedure? The owner should hire and pay 
inspectors, and he should pay them well, as a sound investment in better 
concrete, 


Placing concrete by chuting was a controversial subject 25 years ago. 
It has been resolved more by default than by scientific analysis since 
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drier mixes made chuting undesirable and, in any event, disposed of the 
problem of segregation. 


At Cincinnati doubt was expressed as to the value of tests because of 
variations in test results. Although not an unknown criticism today, it 
is infrequent, and never applied to testing as a whole. Great progress has 
been made in standardization of tests and in standardization and inspec- 
tion of testing apparatus. Moreover, the much larger funds available 
for test programs today have permitted the use of more scientific methods 
and the employment of more numerous scientific personnel. “Accumu- 
lated experience and the tendency to check field performance against 
laboratory findings have enhanced the standing and the value of testing. 


The danger that research laboratories today, with large funds, num- 
erous personnel and their almost deified standing, must guard against 
is doing research for research sake. It is not so much ‘‘made work” in the 
WPA sense that has to be avoided, as a love of work, an attachment to 
test tubes, microscopes and autoclaves as such, rather than as tools to 
be used with a purpose. Nor is it a question of pure as against applied 
research, but of planned as against haphazard operations in the labora- 
tory. 

It was also noted 25 years ago that a limited group “represented fairly 
well by the American Concrete Institute and a part of the American 
Society for Testing Materials . . . unintentionally form a very close 
corporation outside of which is the vast body of concrete users picking 
up such crumbs as fall from the table, but placing concrete in the main 
just as it was placed a decade ago.’”’ I have noted previously the much 
greater dissemination of concrete knowledge today than formerly and 
the sincere efforts being made to popularize the scientific facts developed 
by the experts. 

But in speaking of such groups of experts as mentioned above it is per- 
haps not out of place to call attention to a procedure too often practiced 
in all technical societies it should be emphasized—of settling scientific 
questions by votes marshalled by what in political circles is called log- 
rolling and which has its counterpart on the international scene in the so- 
called “‘balance of power.’’ Votes based on a “balance of opinion’’ must 
of course, be resorted to in deciding a course of action or adopting a 
specification. But “opinion” represents belief based on knowledge, 
while “‘power’’ involves a disregard of knowledge. It represents achieve- 
ment by force of numbers. It has no place in scientific deliberations for 
it solves nothing and it may thwart progress. 

There may have been other doubts about concrete extant 25 years 
ago, but of these principal ones none has failed to be dissipated to some de- 
gree, and several have been resolved completely. We have, in brief, 
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found workable solutions to most of the problems bequeathed by our 
predecessors, and can take a justifiable pride in the fact that at least, 
we are facing the shortcomings of concrete with more honesty and 
courage than they are said to have been able to muster. 

But there is yet another gage of progress to be considered—the relative 
efficiency and sureness with which new problems arising within the past 
25 years have been handled. Let me for a moment assume the mantle 
of the ordinary user of concrete, and attempt, in a synthetic sort of way, 
to reflect some of his views. 

The user would look back to the beginning of that period and mark 
the enunciation of the water-cement ratio law as the foundation stone 
of all later progress and still his Magna Charta. He would note the 
successful and continuing efforts of the concrete technician, the cement 
chemist, the design engineer and the construction equipment manu- 
facturer to make possible on a practical and ever-more-efficient scale the 
application of this theory to job conditions. 

And he would recall certain outstanding contributions of each—for 
example, the fineness modulus conception, the use of absolute volumes 
of aggregates, the water-cement paste idea, the proportioning of in- 
gredients by weight, all introduced by the concrete technician. 

The development of special cements for special purposes—high early, 
moderate heat, sulphate resisting, portland pozzolan and other blends— 
would be credited to the cement chemist. 

The design engineer would merit special commendation for artificial 
cooling of mass concrete, for simplified indeterminate analysis, for making 
flat slabs practicable, for rationalizing spiral-reinforced column design, for 
shell construction, for absorbent and vacuum forms, for the prestressing 
concept and for precast members. , 

Finally, the equipment manufacturer would be accorded a prominent 
place on the user’s roll of honor for the concrete vibrator, first, and for 
such other outstanding contributions as the concrete pump and the 
truck mixer and agitator. 

All these things the user of concrete would set down as proof that con- 
crete has experienced its greatest and most notable progress in the past 
25 years. Yet he would perhaps be pardoned if, in reflecting on this 
progress, he should recall certain halting and puzzling steps in the ad- 
vance to the present state of the art. There would be the era of work- 
ability admixtures which (he was urged to believe were almost disastrous 
poisons) and he would have to contrast that era with now when not just 
inert but chemically active admixtures are being wholeheartedly em- 
braced. 

His memory would also include the passionate defense of the classical 
definition of portland cement which, when finally altered to say that 
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harmless additions could be included among the ingredients, caused no 
catyclysmic results. The user would also be puzzled by the slowness in 
recognizing that chemically-bad aggregates as well as chemically-bad 
cement or poor mixing and placing practices might be the cause of 
certain concrete failures. 

Naturally, if he were fair, the user would concede that he is pitting 
backsight against foresight in voicing these criticisms. Yet he would 
assume that this was justifiable in judging the paths of progress. Indeed 
such trends of thought lead to speculation on what motivates progress 
and keeps it moving. 

Past experience would, of course, place research at the top of any list. 
From it came the water-cement ratio, the special cements, our knowledge 
of plastic flow, rationalized column design, to mention a few. 


Failures, too, play a prominent role—the troubles with reactive ag- 
gregates, for example, disclosing a solution in the use of cements of low- 
alkali content, and pavement scaling leading to the discovery of the use- 
fulness of entrained air in the mix. 

Nor in isolating the causes of progress should the value of controversies 
be overlooked. Much good came from the controversy over the defini- 
tion of portland cement, and from that with respect to admixtures. Good 
controversies are now in the making over the handling of air-entraining 
concrete in agitator trucks, and over the relative advantages of grinding 
air-entraining agents with the cement or adding them to the concrete 
at the mixer. Such controversies should be nurtured and others pro- 
voked, such as, for example, the question of a return to coarser ground 
cements. Controversies, if kept impersonal as they can and should be, 
are the handmaiden of progress in the concrete user’s opinion. 


Finally, real roads of progress stem from the equipment manufacturer 
and from the user himself, who must be conceded to have stimulated 
progress by his wants and demands, and sometimes by his willingness to 
experiment. Such new applications of concrete as hollow girders, ribbed 
slabs, slab-bands, double-curved surfaces, precast members, and, of 
course, architectural details in general, have been partly user-inspired. 


As a matter of fact, at the present time the user could with some justi- 
fication look upon his group as the dominant influence toward progress. 
Early in the quarter-century under consideration, it was the concrete-mix 
technologist who played this role; he was displaced by the cement chemist, 
and he by the expert in concrete placing in the field. But currently, for 
example, there is more user interest in prestressed concrete than most de- 
signers seem willing to concede. It may well be if more designers are 
pushed into theory of prestressed concrete (which permits the whole 
section of a member rather than only that part on one side of the neutral 
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axis to carry load) that they may be willing to examine other inconsis- 
tencies in normal design theory. As examples, the n factor is used in 
beam but not in column design, and factors of safety are fixed indirectly 
through unit stresses rather than by a simple comparison of maximum 
loads with ultimate strengths. Should concrete design come into critical 
review, the designers well could be the next group in the profession to 
move into the spotlight of progress. 

Such are a few of the examples from the train of thought of a concrete 
user contemplating the past quarter century of progress and counting 
his blessings incident thereto. Compared to his early predecessors he is 
inestimably better off. Working for him is a great army of research 
workers, technicians, designers and equipment manufacturers, still im- 
bued with the chronic ambition of making a better product and of ex- 
tending its application to new uses. Best of all there is an honesty of 
approach to new problems and a courage to seek them out and solve 
them that augers well for the future. The concrete art, truly, has ad- 
vanced in the past quarter century, perhaps not enough, but in a manner 
that justifies pride and optimism. 
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It Was Progress—But Not Enough* 
By P. H. BATESt 


Member American Concrete Institute 


Judging from the authors announced for this symposium it would 
seem that they have been so chosen that a proper apology (using that 
word in accord with its original meaning, namely—a defense) may be 
presented for the advances in the art of concrete making during the past 
quarter of a century. Candidly, those charged with arranging this 
retrospective series should have attempted to jazz it up by replacing 
about half of these “fathers” with an equal number of snappy bold 
“sons” who would have dared to lambaste the concrete industry as a 
whole, on the assumption that at times it exhibited too long periods of 
inertia and too much self satisfaction in its exploits and at other times 
had generally messed things up pretty badly. 

Having presented the general nature of this particular contribution, 
we shall proceed to advance the apologies—while confessing that most 
likely there will be more or less slipping into a little, not too painful, 
indiscriminate needling of some of the actors and action. 

Twenty-five years, though it is a quarter of a century, is not a long 
period. Toa youngster of this day it is 25 « 365 & 24 and that makes a 
large number and hence must be a long time. To those who were young- 
sters 25 years ago it seems to be more like 25 divided by 365 by 24 and 
hence is but a fleeting moment. It comprises the period of the active 
production of the average individual. It was but a short period in which 
to accomplish the much that was early recognized as necessary to be 
done, and to solve the greater unforeseen problems which were later 
presented. 

The cement industry is not an old one. It is true that concrete of a 
kind has been made since almost prehistoric times. My introduction 
to the cement and concrete industry was in 1888 when I saw some mass 
concrete—slag aggregate and slag cement—placed. But we are concerned 
with portland cement concrete, and that in the United States amounted 
relatively to practically nothing before 1900. 

The demand in the United States for a hydraulic binding medium led 
to the natural cement industry. This industry, seeing the superiority 
of the imported portland cement, gradually swung over to making the 
newer material, frequently with an intermediate step of marketing a 
blend of the two—a fact that now causes chagrin to the present operators 
who are so inclined to be annoyed by “blends.”’ 

These early producers “sold’”’ concrete. They taught the public 


what concrete was, what it was intended for, how to make it, and how 


*Presented in the author's absence by Douglas K. Parsons. 
tFormerly Chief, Clay and Silicate Products Division, National Bureau of Standards, Washington, D.C. 
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to design the early structures in which it might be used. There had been 
little questioning of these teachings—but at the start of the 25-year 
period under discussion the dicta of the producers were at last being 
questioned before extended use. These questionings and in some cases 
counter or alternate suggestions of the non-producers led inevitably, 
at the time, to delay. This general condition of a too positive (at times 
domineering) attitude of the producer, leading to something of an 
impasse, existed for too long a part of the period. 

Was this bad? Yes, at times; no, at some other times; and possibly 
either yes or no, depending upon certain viewpoints, at others. Yes, in 
such a case as the delay in accepting the need of a variety of cements. 
Yes, in the case of too frequently advising the use of cement just for the 
immediate sale, when facts showed, if not a red, at least a yellow light. 
No, in the case of almost forcing the water-cement ratio concept upon the 
concreting industry. No, in the case of opposing the acceptance of the 
indiscriminate use of indiscriminate admixtures. Yes or no, in the case 
of how much and what kind of inspection and testing; in the case of how 
pure portland cement must be and yet have it worthy of its name, and in 
the case of too much attention to concrete and too little to cement. 

Situations and conditions of the above types are somewhat similar 
to or related to those existing in other industries. They must not be over- 
looked when the progress in the past is being closely and interrogatively 
scanned, 

The matter of “alkali’’ in cement furnishes an example of a series 
of advances and hesitancies which, on the whole, show marked accom- 
plishments but at great expenditure of time and effort. Here is where 
one of the suggested youthful participants in this forum could have 
castigated severely the past actors for lack of continued, consistent, and 
orderly procedure. “Alkali” and portland cement have been associated 
in one sense or another almost from the inception of its use in the United 
States. First there was the effect of “alkali”? on cement, then later the 
effect of “alkali” in cement. In the first case the problem was the effect 
of the sulfate of the alkali metals (sodium and potassium) and alkali 
‘arth metals (magnesium and calcium) on the cement matrix of concrete. 
In the second case the problem concerned the effect of the hydration 
products of the sodium and potassium compounds of the cement on the 
aggregate in the concrete. 

About the time we had become well accustomed to discussions of the 
effect of “alkali”? on cement, which was nearly 15 years before our 25 
year period had started and when we had seen blended cements (pozzo- 
lanie-portland) advocated, and used to offset such action—as in the con- 
struction of the Los Angeles aqueduct—we were confronted with archi- 
tects monotonizing our cities with the wide use of Bedford limestone 
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ashlar construction. It was frequently noted that, when set with port- 
land cement mortar, such stone very soon was stained brown to black. 
That this bleached out in time in no way reduced the annoyance of the 
producer of the stone, the architect, the builder, or the producer of the 
cement. There was the customary willingness customary to this day 
of the cement producer of accepting the blame for any defect when his 
product was used. Some studies led to the grossly erroneous conclu- 
sion that the cause of the staining was the leaching of the iron oxide 
from the cement into the limestone—hence for such construction there 
should be made a cement having as low iron oxide content as possible; 
so we had white portland cement, which produced as much stain as the 
ordinary gray cement. 

Despite positive evidence of a reaction between something in the 
cement with something in the stone (or vice versa), the problem was 
allowed to stand without any marked attempt at solving it until some 
years later when the stone producers provided funds for work at Purdue 
University. There, under Anderegg, it was shown that the alkali in 
the cement was quickly dissolved by the mixing water and dissolved 
some organic products in the stone and dispersed others. With this 
information at hand, non-staining cements, low in total alkali, were 
marketed—largely by producers of other than portland cement. 

Even with these facts no further study of the alkali or other minor 
constituents in cement were made. After the lapse of another too 
lengthy span a worker under Stanton in the California highway depart- 
ment laboratory stumbled upon the evidence that the alkali could and 
did react deleteriously with some minerals in aggregate and so at long 
last there was definitely shown the need of study of all the constituents 
of portland cement was definitely shown as well as a like study of aggre- 
gates. 

Having brought the nature of aggregates into the picture, it might 
be of interest to cite a little history—though it is somewhat personal. 
In 1906 when I took up my duties in St. Louis with the former Structural 
Materials Laboratory of the Technologic Branch of the U. 8. Geological 
Survey, the first warning given me regarding the use of aggregates was 
beware of those containing chert. It took almost 30 years of fumbling 
and stumbling to approach the “why.’”’ Indeed, in the past 25 years 
there was too much lack of continuous, consistent and orderly attack 
on many concrete problems. Even the effort then being made at that 
laboratory for a thorough study of aggregate, starting with the geology 
of aggregate as determined by a trained geologist working in the field 
and laboratory and carrying through to its deportment in service, was 
killed by the action of Congress by refusing funds to continue the work. 
No others were impressed with the need of the study. 
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Apparently too much attention has been given so far in this brief 
to the attitude and lack of attitude of cement producers. Others in- 
terested in concrete have not been too alert in carrying the torch of 
progress. Too frequently, both the designing and constructing engineers 
have failed to take the advanced steps that would be expected of them. 
It is all well enough to insist upon the impossibility of taking risks in 
erecting structures through the use of new and untried materials and 
procedures, but such an attitude can be and has been carried too far. 
If nothing new in a structural way had ever been tried, we would still 
be living in caves—and possibly be passing by some very desirable 
newly-discovered ones because they had never been occupied. It is 
most annoying and lends little to expedition in progress to find engi- 
neers hiding behind codes and rudely accepted standards while ignoring 
or refusing even to try in an experimental way some new materials or 
modifications of old ones, new processes, or new design procedures. 


Codes and group-adopted standards never reflect even the somewhat 
distant latest good procedures. The best opinion of a group is like the 
average of a group. It is Just that—no more—no less; not the best 
opinion of the best in a group nor the poorest opinion of the poorest. 
The latest code or standard may be the latest, but that does not imply 
that it is best. However, most likely the youth of the present, like the 
youth of the past, will be handicapped in their efforts to advance rapidly, 
by the necessity of overcoming the prejudices set up by widely adopted, 
most slowly, and difficultly revisable codes and standards. Be it under- 
stood that these codes and standards are not being adversely criticized 
so much as are their unfortunate misuses. 


Bowman in his introductory paper queries, ‘‘Are we solving the prob- 
lems that our predecessors, in their lifetime, were unable to solve? And 
even more important, are we facing these and new problems with more 
honesty, initiative, good will and courage than our predecessors were 
able to muster?” 

Some, indeed many of the problems of our predecessors have been 
solved or are being solved with vigor; others still are awaiting revival. 
But I neither feel nor see that the old or the new problems are being 
faced with more honesty, initiative, good will and courage than was 
evidenced in the past. It is true that there is now far more concerted 
group action. This is on a higher plane with tools not formerly available 
and with a broader background of basic knowledge and far more ex- 
perience in research. The group product will, therefore, be on a higher 
plane, but this product will not be the last word. There will still be more 
problems, with proffered solution which will be attacked in much the 
same old way, resulting in some being accepted and others discarded only 
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to be revised and again go through the cycle—or better the spiral, since 
there is always some advance. 

Some random, not too logically presented reminiscings have been 
given you. Our era has been patted somewhat generously on the back, 
but we hold to the thesis that we did pretty well in those 25 years, though 
handicapped at times by annoying attitudes that were unexpected. We 
hold also that a like forum 25 years hence will find much the same state 
of affairs to be commented upon by authors no doubt much the same as 
those of this occasion and likely holding quite similar opinions. 
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Comments on Changes in Cement Specifications and 
Concrete Practices During the Past 25 Years” 


By J. C. PEARSONT 


Member American Concrete Institute 


Mr. Bowman’s introduction suggests the trite remark that along the 
fringes of our knowledge of cement and concrete is a wide zone between 
what we recognize as well established fact and what is as yet unknown. 
This zone is a region of incomplete knowledge of concrete laws and prop- 
erties in which opinions, controversies and experiments are the source of 
new information and further progress. In short, it is the field in which 
research workers live and strive to make indefinite things more definite, 
and it is a fascinating field to all whom it may intimately concern. 

Having been “raised” in this field, and having had far more to do with 
laboratory testing than with engineering design and construction, I 
have chosen to refer only briefly to general progress in the past years, 
and to devote most of my allotted space to a few controversial questions 
that have interested me personally. These are of a random nature and 
are more or less unrelated except in their bearing on some of the simpler 
aspects of durability. 


CHANGES IN CEMENT SPECIFICATIONS 


Let us first review the major changes in cement specifications of the 
last quarter-century, which presumably should reflect the progress 
made in improving the quality and serviceability of portland cement 
during that period. These changes may be conveniently summarized 
in the following chronology pertaining to the specifications of the Ameri- 
can Society for Testing Materials. 

Changes in portland cement specifications since 1921 

1921 A single specification for “standard” cement, differing mainly 
from the present day “normal” or Type | cement in lower fineness and 
lower tensile strength requirements. 

1926 Tensile strength requirements of 1921 moderately increased; 
specific gravity requirement withdrawn. 

1930 «Tensile strength requirements again increased. Tentative 
specification for high early strength cement adopted. 

1936 Standard specifications for high early strength cement adopted. 

1937 Fineness requirement dropped from standard cement specifi- 
cations, 

1938 Fineness requirement dropped from high early strength cement 
specifications, The famous 22-year old definition of portland cement 


*Presented in the author's absence by C. H, Scholer 
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withdrawn in favor of one permitting approved non-harmful additions 
not exceeding one percent. 

1940 Tentative specifications for five types of portland cement 
adopted, involving numerous changes; many additional chemical limita- 
tions, restoration of fineness requirements in terms of specific surface, 
substitution of autoclave test for old pat test for soundness, varying 
tensile strength requirements, optional compressive strength require- 
ments. 

1941 Tentative specifications of 1940 advanced to standard. Former 
specifications for portland cement and high early strength cement with- 
drawn. 

1942 Emergency alternate specifications adopted (withdrawn in 
1945). Tentative Specifications for Treated Cement for Concrete Pave- 
ments adopted (revised as Tentative Specifications for Air-Entraining 
Cement in 1946 and 1947) (Cement specifications of 1941 received minor 
revisions in 1942, 1944, 1946 and 1947.) 


The foregoing tabulation represents the conservative residue screened 
from a vast amount of research and study that has been conducted in 
the period covered. Most of the progress has been made during the last 
decade, notably in the greatly broadened scope of the 1940 specification. 
This specification involved a need for many added chemical limitations, 
many of which were included for the reason that suitable physical tests 
were not available for setting up performance specifications. Thus the 
moderate heat and sulfate resistance of Type II, to some extent the 
low heat of Type IV, and the sulfate resistance of Type V are based 
on composition rather than performance tests. The latter cannot be 
imposed until suitable methods have been devised and approved on the 
basis of acceptable results obtained from cooperative tests, whereas 
chemical limitations can be imposed by general agreement among the 
members of A.S.T.M. Committee C-1. This is a lot easier for every- 
body concerned, but there is an element of complacency that tends to 
retard progress in adopting a specification based on chemical limitations. 
It seems to me that a purchaser is entitled to as much information as 
performance tests will give him, and that a producer is frequently entitled 
to more latitude than chemical requirements sometimes permit in his 
effort to furnish a product giving the desired performance. 

Thus there is definite need for a cement, or a treatment, that will 
eliminate the danger of alkali-aggregate reaction, which was first con- 
clusively proven to be a source of serious concrete trouble some 8 years 
ago. It was natural that the first remedial measure suggested was to 
impose a chemical limitation of 0.6 percent Na.,0 equivalent on the 
cement, which was impossible for some manufacturers to meet, and 
difficult for many others. This made it tough for the producer in two 
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ways: there was no assurance that the trouble would be avoided by this 
provision; there was the inevitable tendency for some purchasers to 
impose such limitations before the cause of their trouble had been 
determined with certainty. One may well sympathize with both pur- 
chaser and producer, however, for this alkali problem is perhaps one of 
the most serious that has ever confronted the cement and concrete 
industries in some parts of the country. Fortunately the Bureau of 
Reclamation engineers believe they have found a homeopathic remedy 
for this epidemic, and further research will surely provide one of the 
milestones of progress in the next 25-year round up. One can hardly 
fail to be impressed at times with the similarity of procedures in con- 
crete and medical research, both having the objective of fighting de- 
terioration and prolonging life. 


MAJOR ADVANCES IN THE CEMENT FIELD 


I would consider the four greatest advances in the cement field as the 
development of (1) high early strength cement, (2) low heat cement for 
mass construction, (3) the permissive use of approved admixtures in 
cement and (4) air-entraining cement. This is of course my own ap- 
praisal, and many would include in the list Type II (moderate heat) 
cement with its restricted tri-calcium aluminate, which was heralded 
about 1940 as a distinctly improved cement for most construction pur- 
poses. Perhaps it was due to my characteristic tendency to lag behind 
the vanguard in movements of this sort, but I certainly could not go 
along with some of those who proposed that Type I cement be labeled 
“for relatively unimportant work.” This was the only cement we had 
up to 1927 when high early strength cement appeared on the horizon, 
and aside from this, the only cement recognized in standard A.S.T.M. 
specifications up to 1940. Many famous structures had been built with 
this type of cement and had given a good account of themselves—were 
we then to turn our backs on this product and tell the public that it was 
suitable for only relatively unimportant work? This extreme attitude 
was perhaps due in part to Gonnerman’s classic A.S.T.M. paper of 1934, 
“Study of Cement Composition in Relation to Strength, Length Changes, 
Resistance to Sulphate Waters and to Freezing and Thawing, of Mortars 
and Concretes” which gave the general impression that the less the tri- 
calcium aluminate content of cement, the more its desirable properties 
of low heat of hydration, sulfate resistance, and durability were len- 
hanced. There is no doubt that the general indications of his data were 
in that direction, but in a number of investigations that I have knowledge 
of, concrete made with Type II cement has shown little if any advantage 
in durability over concrete made with average Type I cement, partic- 
ularly in weather exposures. Furthermore Type II cement has fre- 
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quently shown certain disadvantages in lower workability, higher bleed- 
ing tendency, slower set and darker color. Type II is generally pre- 
ferred where moderate heat of hydration is advantageous and for certain 
exposures where mild chemical attack is a possibility, as in sea water 
construction. Doubtless a limitation on abnormally high tri-calcium 
aluminate content is desirable, but Type I cement with a computed 10 
percent or 12 percent of this compound may well be preferred for most 
building operations, for architectural concrete, and for many concrete 
products. 

Air-entraining cement is generally rated as the most beneficial advance 
that has been made in the cement field. The first specification was 
based on chemical limitations that were found to be inadequate when 
performance tests were brought to bear, but in spite of this the cement 
was used widely and successfully during the war period. The ad- 
vantages of this cement, and of concrete containing entrained air, are so 
well known today, that I will omit further discussion of them in this 
paper. 

Before turning more specifically to concrete practices, I should like to 
discuss one aspect of two widely used cements, Types I and III. There 
are among us a considerable number of engineers and investigators who 
have at one time or another expressed the opinion that these modern 
cements are less durable than the cement of 25 years ago. Whatever 
the facts may be, it seems logical to assume that the differences in prop- 
erties between the modern and the old cements have been brought 
about by harder burning, better control of uniformity, increased fine- 
ness, or highe rratio of tri-calcium silicate to di-calcium silicate. These 
appear to be the only tangible differences great enough to have produced 
differences in properties and performance. I am not aware of any 
support for the idea that more complete burning and greater uniformity 
of product can have any detrimental effect—the evidence is all to the 
contrary. The changes in fineness and composition have contributed 
mainly to more rapid hardening and heat development, and higher 
strength, and if these changes have any adverse effect on durability it 
should be made clearer by examining the record of Type III cement. 

This seems rational from the fact that Type III involved relatively 
about the same changes from Type I that Type I did from the 1921 
cement. Thus Abrams pointed out in discussion of Withey’s ACI 
progress report on his famous 100-year investigation* (1931) that the 
28-day strength of the old-time cement was attained in about 9 days with 
normal cement, and in 2 days with high early strength cement. In the 
case of the latter, the evidence in regard to durability is somewhat con- 
flicting, for in a number of construction projects, concrete made with 





*Withey, M. O., ‘Some Long Time Tests of Concrete,"” ACI Proc. V. 27, p. 547 
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Type III cement, particularly pavements, has given unsatisfactory per- 
formance. On the other hand many cases of highly durable concrete 
made with Type III cement are on record, and durability studies of 
which I have knowledge, both in the laboratory and outside in the 
weather, have shown no definite inferiority of Type III cement in com- 
parison with Types I and II. This has led to my belief that even if 
Type III cement may theoretically have some inherent weaknesses in 
respect to ultimate durability, the fairly early failures that have at 
times occurred are not certainly to be attributed to the cement itself, but 
more likely to some abuse which is not as obvious on the job as it would 
be with Types I or II. This abuse may be due to ignorance or mal- 
practice, or it may be due in part to the high speed required in producing 
and placing concrete under modern competitive conditions. The problem 
then is to learn how to maintain high production rate, and at the same 
time to recognize and take the precautions necessary to prevent sloppi- 
ness, segregation and non-uniformity of the concrete in place. These 
factors do not generally enter into carefully controlled laboratory op- 
erations, and early failures rarely show up in laboratory tests of mixtures 
in which Type III cement is properly used. 


LANDMARKS OF PROGRESS IN CONCRETE 


In the development of concreting practices and concrete control, one of 
the great landmarks was Abrams’ water-cement ratio law of 1918. This 
has been the basis of most specifications for concrete, and it is today per- 
haps the best single index we have of general concrete quality. Yet it 
has always seemed unfortunate to me that Abrams discovered this 
hyperbolic relation between water-cement ratio and strength instead of the 
linear relation that would have resulted from the cement-water ratio. 
What could have been simpler than to assume that strength was directly 
proportional to cement content and inversely proportional to water 
content? Yet in spite of this simpler relation which numerous investiga- 
tors have preferred, the concrete-minded public has taken the hard way 
and stuck to gallons of water per sack of cement instead of pounds of 
cement to pounds of water. 


Another landmark, at least in so far as this Institute is concerned, was 
MeMillan’s “Concrete Primer’ of 1928. This was the Institute’s all-time 
best seller, and has been published in many foreign languages. . Many in 
this audience might be surprised to find how few of the statements in this 
famous booklet need to be revised, and many might review the Primer 
today with a feeling that much of our present day concrete would be 
better if more of the basic rules in this 20-year-old book were being 
followed. There is of course more to be added to bring it up to date, but 
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as for revision of the original text, litthke more is needed than minor 


changes in emphasis and details. 


In the early part of the period under discussion there was one other 
development that should unquestionably be listed among the high 
points of progress, namely, the marketing of ready-mixed concrete. 
This, I believe, made a distinctly better quality of concrete conveniently 
available for innumerable small jobs, and constituted a valuable service 
for large jobs where traffic and other conditions interfered with setting 
up and using job-mixing equipment. 

During the period 1930 to 1940, concrete practices were developed and 
improved in many lines. To go into these developments in any detail 
would be impossible in a short paper, but mention of the following sub- 
jects will serve as a reminder of some of the more important: cold weather 
concreting; volume change studies in concrete and masonry; properties 
of mass concrete; concrete column investigation; examination and study 
of deterioration in old structures; valuable papers on concrete main- 
enance and repair; properties of vibrated concrete; studies of high 
pressure steam curing; fire resistance of building units; use of sliding 
forms; finishes of exposed aggregate for architectural concrete; many 
papers on durability; bleeding of fresh concrete; dawn of air-entraining 
cement and concrete. 

From 1940 to date the curve of progress in knowledge of concrete has 
been strongly upward, even with time out for the war. But the war itself 
contributed much to concreting practices, both in speed of construction 
of large and unique structures of many types, and in the extension and 
application of new designs and methods. Because many of these pro- 
jects will undoubtedly be referred ‘to in other papers of this symposium, 
I propose to omit further reference to them and devote the remainder of 
this paper to a discussion of a few questions about consistency and its 
bearing on durability. This type of discussion may not strictly belong 
in a review of progress, but when Mr. Bowman asks in his introductory 
paper if we have made enough progress along certain lines, I would 
answer in the negative in regard to consistency control, and offer the 
following remarks in explanation. 


IMPORTANCE OF CONSISTENCY CONTROL 


In 1941 Scholer* presented before this Institute one of his inimitable 
papers entitled “Consistent Inconsistencies in the Consistency of Con- 
crete.”” He showed that in all ordinary concreting operations a certain 
amount of bleeding and segregation is involved in placing the concrete 
in such manner as to provide perfect embedment of reinforcing and the 


‘*Sicholer, C. H., “Consistent Inconsistencies in the Consistency of Concrete,” ACI Jounnan April 1941, 
Proe, V. 37, p. 587. 
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filling of all corners and surfaces. Thus to get good surfaces on a column 
or beam, or on a pavement, the coarse aggregate has to be pushed back, 
or down, to allow the mortar to flow to the surface, and therefore more 
mortar or a softer consistency is required than for placing in the mass. 
This surface filling is more difficult to do with a harsh or stiff mix, or 
with one that contains an abundance of large coarse aggregate, as in 
most pavement mixes, than with a more plastic mix containing smaller 
coarse aggregate. Hence the temptation to use a wetter mix, which is 
usually tolerated for the assurance of good-looking surfaces. But there 
is danger in this practice, for the segregated mortar also becomes wetter 
from water gain (always present in some degree in workable concrete), 
and the finishing manipulation makes it wetter still. If this condition 
has developed to any marked degree in finishing a pavement surface, 
little can be done about it aside from leaving the forms a little over full, 
keeping manipulation to the minimum, and dragging off the slop when 
bleeding appears to have ceased. The real trouble is the loss of con- 
sistency control, which means too much water in the concrete. I believe 
that the high shrinkage and porosity of such finishes is responsible for 
most of our pavement surface troubles, which are too common because of 
ignorance or disregard of the dangers of sloppy finishing. ‘To me it 
seems ridiculous to declare that such trouble cannot be avoided practi- 
cally-—the solution is a little less speed and a little more elbow grease. 
If anyone raises the objection of higher cost and loss of production in 
finishing a reasonably stiff concrete, the main question to be answered 
is how much more is a durable surface worth than one which goes bad in 
one, two, or even five years? 


HIGH EARLY STRENGTH AND AIR-ENTRAINING CEMENTS INVITE ABUSE 


Following the foregoing line of reasoning we may recognize what is 
wrong with many of the pavements in which high early strength cement 
has been used with unsatisfactory results. In the first place the need 
for speed should be in the picture to justify the use of Type ILI cement 
speed in placing, speed in hardening. Speed in placing is nearly always 
conducive to poor finishes unless the work is controlled by competent, 
hard-boiled inspectors who know what to look out for. Secondly the 
high plasticity of Type III pavement concrete greatly increases the 
probability of using over-wet mixtures. Frequently inspectors and 
engineers do not seem to know that this type of concrete is too wet for 
pavements at a 5-in. slump even if it shows no tendency to segregate. It 
is my belief that a pavement mix containing Type IIT cement is generally 
too wet if it is not stiff enough to be sticky, and contractors will kick 
like mules at this condition, when any one with any sense (they say) 
can see that a softer mix will fix things up and give a fine finish. If a 
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soft consistency is used the puree that comes to the top with manipula- 
tion is very high in shrinkage and particularly vulnerable to scaling. 
Some years ago in my home town the trolley tracks that lie in the main 
street were paved with high early strength concrete. Within one or two 
years scaling trouble had developed in numerous places, and it was 
interesting to note that this scale generally consisted in a separation of 
the mortar layer above the top of the underlying coarse aggregate. In 
places where the coarse aggregate was close to the surface, the cement 
film had merely been worn off and the concrete was hard and durable. 
In other places the mortar was %4 in. thick or more, and this had com- 
pletely scaled while the real concrete appeared to be sound underneath. 
Fortunately the engineers of the traction company were quite reasonable 
about this matter, and accepted recommendations for better control 
and more care in placing. 


While it is recognized that air-entraining cement has brought about 
marked improvement in pavement resistance to frost and salt action, 
its use invites much the same tendency toward over-wet concrete that 
has been noted for Type III cement. The proper consistency of pave- 
ment concrete containing entrained air is one that is stiff enough to be 
somewhat sticky. As a rule contractors will complain about this and 
will not maintain the stiffer consistency unless they are compelled to do 
so. The additional water required to overcome stickiness in the air- 
containing concrete is not great, but in my opinion it would be far better 
to do a little more work in finishing a sufficiently plastic but somewhat 
stiffer mixture as added insurance of long and satisfactory service. 


Thus both Type III and Type IA (and sometimes IIA) cements 
invite abuse, but the air-entraining cements can “take it” under present 
pavement practices better than Type III. It is for this reason that I 
would generally recommend that Type III cement be used for pavements 
in severe climates only when they must be put into service within a few 
days. If Type III cement is to be used in pavement concrete with an 
air-entraining admixture, or if Type IIIA is specified, it will unquestion- 
ably have better resistance to frost action than plain Type III, but its 
value will be discounted unless special attention is given to the avoid- 
ance of sloppy mixtures and segregation in finishing. 


ADDITIONAL ADVANTAGES OF CONSISTENCY CONTROL 


There is another angle to the value of consistency control that is 
logical and practical, particularly when complete inspection service is not 
available for a given job. I may illustrate by reference to two jobs for 
which the mixes were carefully designed in the laboratory, and reasonable 
assurance was provided that the desired batch quantities of cement and 
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aggregates would be adhered to at the batching plant. The first of these 
was a lane of heavy duty pavement containing some 1050 cu yd of air- 
entraining concrete, built in the late fall in prevailing cold and rainy 
weather. Batches for the 27 E paver had to be hauled some 8 miles from a 
batching plant where the stock pile of sand was so wet from frequent 
rains that a flat allowance of about 14 gallons of free water per 7-bag 
batch was made in weighing the sand. It was impracticable to check 
the actual water-ratio in the field at any time, and control was there- 
fore based entirely on consistency. The contractor’s superintendent on 
the job was a speed artist (he placed this concrete under generally ad- 
verse conditions in 5 working days), and the small inspection crew had a 
really tough time in trying to hold the slump of the concrete at the de- 
sired 3 in. This was the objective, and while the concrete from the 
individual batches varied in slump from 2 in. to 5 in., job-cured cylinders 
gave quite satisfactory strengths. Had it not been for the necessity of 
rushing the job through to completion, consistency control could have 
been considerably improved, and the surface finish very much improved. 
The experience demonstrated, however, that under conditions where 
free water is high and variable, and the cement and aggregate quantities 
are properly batched, consistency control is the all-important and 
effective assurance of a good job. 


The second job referred to was the placing of the architectural concrete 
in the Young Building (the Lehigh Portland Cement Co. office building) 
in Allentown during the winter of 1939-40. During the construction of 
trial panels for this building in the fall of 1939 it was observed that 
bleeding of the selected concrete was rather marked, and water-gain was 
therefore a matter of concern in placing the concrete in the exposed 
walls of the building. For those days on which the front of the building 
was to be placed, the contractor requested the help of the laboratory 
staff in checking the batches at the local ready-mix plant, and in seeing 
that the placing was done as effectively as possible. After consultation 
with the experts it was decided to vary the consistency of the concrete 
during the single story lifts, starting with a soft consistency at the 
bottom, and gradually stiffening the concrete as concreting progressed. 
This scheme worked out very satisfactorily by starting with a 5-in. 
slump and ending with about a 2-in. slump. ‘The rise of concrete was 
about 2 ft per hour in the forms, and the water gain was taken up by the 
increasingly stiffer concrete, so that an optimum consistency for “fill- 
ing’? was maintained at the working level, and only very moderate 
bleeding had to be taken care of at the top. This procedure was of 
course beneficial not only in maintaining a uniform consistency in the 
forms but also in reducing the over all water content of the concrete. 
The plan was effective because the two most experienced engineers of 





) 
; 
; 
; 
: 
lj 





«* .2 





714 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1948 


the laboratory staff were stationed, one at the mixing plant to keep 
the concrete always on the dry side, and the other at the job receiving 
hopper to adjust the consistency with water from a garden hose to the 
desired slump before it was dumped. There was more art than science 
in this method of control, but it was very successful. In June, 1947, | 
had the pleasure of inspecting the building with Mr. Gonnerman, and in 
being unable to detect any cracks or any apparent deterioration on the 
main front, after eight winters of exposure. Elsewhere there are a 
number of shrinkage cracks and some crazing where no special precau- 
tions were taken to control consistency as above described. 

Perhaps an apology is due for harping on this matter of consistency in 
this particular paper, but after having served an apprenticeship of 35 
years in getting acquainted with cement and concrete problems I have 
become convinced that one of the main causes of deterioration in concrete 
pavements and other severely exposed concrete structures is the tolerance 
of over-wet consistencies in the wrong places. I am not referring prim- 
arily to the consistency of the concrete as it comes from the mixer, but 
the consistency as it actually exists at the various levels in the work. 
It is this aspect of non-uniformity in concrete placed by modern high- 
speed methods that is more of a problem than it ever was with the old- 
time coarse-ground cements, and one that I believe should be regarded 
with more seriousness and less complacency than it has been up to the 
present time. 
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Improvements in Highway Pavement Construction 


By ROY W. CRUM* 


Member American Concrete Institute 


Oddly enough, the most significant improvement in concrete pavement 
construction practice in the past 25 years has not been in the concrete 
itself, but in the attention to the foundation upon which the concrete 
is laid. ‘Twenty-five years ago the basic principles governing design 
and construction of concrete pavement slabs had just emerged from the 
rule of thumb methods that sufficed for the light traffic roads of that day. 
The same principles still hold today; not a great deal has been added. 
The advances that have been made since then lie principally in the 
application of known principles to meet the changing conditions of use 
caused by the enormous unforeseen development of highway trans- 
portation. 


In that day of 25 years ago, we jumped lightly over the problem of 
foundations, ignoring the fact we had been taught, that the foundation 
is the most important part of any structure, and assumed that some 
“hit or miss” drainage was all that was needed. Through the travail 
of the past 25 years has come the realization that the foundation of a 
pavement is all important and that application of the lore of the science 


of soil mechanics is essential to success, 


Neither had the factors that affeet durability of concrete been evalu- 
ated 25 years ago. Nor have they today, for that matter. At that time 
we could only assume that the factors promoting durability were the 
same as those producing strength and that is still in large part the case 
today. 


The decade preceding 1923 had seen great strides in the develop- 
ment of the technology of concrete pavements. Abrams, Talbot and 
Richart, and others had determined experimentally the factors that 
affect concrete strength, so that mixtures of materials could be designed 
to yield, within limits, pre-determined results. ‘The Bates Road experi- 
ments of Clifford Older and his associates in Illinois had shown the 
effects of traffic loads on pavement slabs and had produced new criteria 
of design, and methods of meeting them. Westergaard had presented 
his classic analysis of the stresses in concrete pavement. Just 25 years 
ago the first concrete pavement was built on which the aggregates were 
measured accurately by weight, instead of variably by volume, thus 
ushering in the era of operational control to which we are indebted for 
the now prevalent uniformity of quality of concrete in pavements. 


*Director, Highway esearch Hoard, National Research Council, National Academy of Sciences, Waah 
ington, ID, C 
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A little less than 25 years ago I wrote a report on “A Program of 
Highway Research.” A distinguished critic of that report, A. D. Flinn, 
Director of Engineering Foundation said, ‘‘Many of the topics suggested 
for research are old, some of them more than one generation. Doubtless 
the explanation is that some words continue to describe briefly the needs 
under changing conditions for more and better and more precise deter- 
minations. However, there appears to me some indication of lack of 
collection of knowledge gained in days gone by, of its dissemination and 
of its use by many who might be profiting from it.” 

Now, 20 years later, when I am again attempting to set down the 
needs for research relating to concrete pavements, I find that Dr. Flinn’s 
criticism still holds. Twenty years of diligence in attempting to improve 
the condition described in his latter sentence has, I believe, had some 
effect; but by and large, we still have not delved deeply enough into the 
basic scientific phenomena upon which our work depends. In nearly 
every phase of knowledge, still is unanswered the ever persistent query 
of the researcher, why? 

The need for study of subgrade (foundation) characteristics and 
phenomena is as great now as then. Discoveries in the intervening years 
have merely operated to widen the field. On the asset side we might 
note that increased knowledge of the mechanics of mixtures of soil and 
aggregate particles now enables us to build much greater stability into 
pavement structures and when instability does develop to pump sta- 
bilizing and correcting mixtures under the slabs to restore resistance to 
disintegrating forces. Notable also, however, is the fact that we don’t 
know enough yet to prevent frost action from often upsetting our best 
calculations. : 

It would be interesting to go back over the fundamentals of con- 
crete pavement to see where we stand and where we should go, and why. 
That is too large an order for this brief paper, but I can at least make 
brief references to a few important items. 


MIX DESIGN 


If the concrete strength-making properties of the cement and aggre- 
gates to be used are previously determined by test, several methods of 
applying the basic principles of water-ratio or voids-ratio, and aggregates 
gradation are available to produce concrete of predetermined strength 
oreconomy. Without belittling in any way the value of these methods, 
I cannot, however, rid myself of the notion that we ought to be able to 
learn how to measure the properties of water, cement and aggregates 
and apply them in a fundamental formula that would give the propor- 
tions of the various materials to produce concrete for the proposed en- 
vironment of the required consistency, setting properties, strength and 
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durability without the necessity for pilot tests of the concrete. To be- 
come so proficient will require us to go much further into basic scientific 
research than has yet been done. 


DURABILITY 


Some advance in knowledge of the factors in durability of concrete 
may be recorded for the past 25 years. The discovery that the entrain- 
ment of finely divided air particles in the wet mix definitely induces 
better resistance to frost and other disintegrating influences, was a 
definite milestone on the path of progress, albeit rather disconcerting 
to find that the maximum density theory of which we were so proud had 
such limitations. Discovery that deleterious reactions may occur be- 
tween certain cements and certain aggregates marked an important 
step, although one that has not yet been fully examined. 

Certain facts, we know; the “why” is yet vague and illusive although 
the recent work of Powers appears to be opening the door upon a new 
look at the inwardness of concrete characteristics. It is also evident 
that the lives of concrete pavements are to be extended through applica- 
tion of the science of soil mechanics to the engineering of pavement 
foundations. Here again the question, why?, thrusts itself into the 
picture. All through this question of durability I see the need for re- 
search into one element that appears at every stage or phase of the pro- 
duction and maintenance of concrete pavements (and of all other kinds of 
pavements as well). That element is water. We must use it to produce 
stabilized subgrades and strong durable surfaces. Once in, it has a 
determining effect on the properties of the structure, and from the time 
of building, it must be combatted as a subversive influence. I think it 
is self-evident that anything as powerful as that should be probed re- 
lentlessly until its secrets are known. Final solution of the problem of 
curing depends upon knowledge of the functions of water and tem- 
perature in the setting and hardening processes. 


DESIGN OF CROSS SECTION 


In the 25 years we seem to have come a complete circle in the design 
of cross sections of concrete pavements. At the beginning of the era, 
sections of uniform thickness were the most common. Following the 
Bates Road tests, which demonstrated the greater susceptibility of 
exterior corners to breaking under the types of loading then prevalent, 
the thickened edge design came into general use. Also at about the 
same time the center longitudinal joint became standard practice. 
Theoretically, if the wheel of the vehicle traveled along the edge of the 
center joint instead of along the outer edge the stress would be greater 
there than in the interior of the slab and hence the interior edge as well 
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as the outside would be susceptible to corner breaks. The conventional 
design attempted to take care of this possibility in this thinner part of 
the section by placing dowels across the joints to hold the slabs in con- 
tact longitudinally. Nevertheless the inside corners were weaker than 
their thickened-edge mates. What really protected the inside edges 
was the fact that most of the traffic hung along the outer edge. 

But now, with heavier vehicles, more axles per vehicle and more 
wheels per axle and many more big trucks and buses, it is no longer 
practical to take advantage of the economy of material in the thickened 
edge section, and there is a decided trend back to the uniform section of 
25 years ago. This illustrates, not lack of perspicacity at that earlier 
time, but rather the adaptation of engineering application of theory to 
changing conditions. 


Furthermore, in the light of the relative economy of thicker slabs, 
and better understanding of subgrade effects, there is need for restudy of 
the relation of slab thickness to pavement performance. 


REINFORCING AND JOINTS 


So long as I remember we have been arguing about reinforcing and 
jointing in concrete pavements. Much experimenting has been done on 
cracking of concrete slabs, but not much research into the fundamentals 
of the underlying problem. Practice today is largely empirical and 
varies with local experiences. On the basis of present knowledge it 
appears to me that this situation illustrates the fact thai there are more 
acceptable solutions than one to many engineering problems. I doubt if 
research will ever give us one best way of reinforcing and jointing con- 
crete pavements. I do believe however that scientific-study of all of 
the many factors affecting the behavior of concrete pavement will, in 


. time, give us enough knowledge to appraise the prevailing conditions on 


a given job so that an adequate and satisfactory design can be made to 
fit those particular conditions. 

It may be noted that, at the moment, there is a trend toward longer 
spacing between expansion joints, going so far in the thinking of many 
designers to elimination of expansion joints altogether; which brings 
us back again to what was a common practice in the 1920’s. 


CURRENT PROBLEMS 


A recent survey of the country revealed that many perplexities still 
confront the engineers of the state highway departments with respect 
to concrete pavements. A list of the more important matters cited by 
them as needing study is as follows: durability, curing, air entrain- 
ment, mix design, placing by vibration, expansion, admixtures, chemical 
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composition, workability, pumping joints, resurfacing, alkali action, 
volume change and warping, bond stress, elastic properties, prestressing 
of steel and concrete, design and spacing of joints, joint devices, dowel _ 
corrosion, joint and crack filler. A paper could be written on each of 
these. 

Perusal of this list gives little excuse for complacence; nevertheless 
in summing up, I would say that with the knowledge available in 1923 
and the knowledge and experience gained since then it is possible to 
build reasonably strong and durable concrete pavements under all known 
conditions of use. But—we also suspect they could be made better and 
more economical. Our present concern is not that of building well with 
concrete. That we know how to do. Our concern is rather to learn how 
to build with more durability and economy, to define more closely the 
presently known limitations of the material, and to acquire more funda- 
mental knowledge that will allow us to extend the limits. While, no 
doubt, many of our present questions can be answered by comparatively 
simple processes and observations most of the easy and obvious things 
have been done. Concrete research of the future must necessarily in- 
volve painstaking scientific study of complicated phenomena. 

Every year since 1919 large mileages of concrete pavements have 
been built. Most of them are in use today. In these pavements exist a 
marvelous field for study. Examples of the application of every known 
theory and of countless ideas and the results they have produced are 
spread out for critical study. I can think of no more fertile field for the 
research men to cultivate. 

In closing, I should like again to emphasize the need for basic research 
to define the functions and actions of water in all phases of concrete 
manufacture and use, and to provide a scientific basis for design of 
mixtures. 
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Advances in Reinforced Concrete During the 
Past Quarter of a Century 


By FRANK E. RICHART* 


Member American Concrete Institute 


It is the object of this paper to discuss advances in knowledge of rein- 
forced concrete, whether through research, analysis or experience, which 
have led, or may be expected to lead, to improved practice in the design 
of structures. It must be recognized also that another factor enters 
into any new design concept—the ability to execute the design. There 
is no doubt that new procedures which are technically sound are being 
delayed by a lack of highly skilled construction labor and by economic 
conditions heretofore unfavorable to a change. While much of the 
world, dealing with cheap labor and scarce materials, has been driven 
to great refinements in design, we in America, with conditions generally 
reversed, have used our plentiful materials in spendthrift fashion. How- 
ever, the rising production cost of materials and the approaching de- 
pletion of our best mineral resources, such as iron ore, now presents two 
rather striking implications: the increasing importance of reinforced 
concrete as a structural material and the need for construction methods 
suitable for more careful and economical designs. 


In reviewing recent design progress, attention will be directed here to 
specific structural elements, as found generally in buildings and bridges. 
The types of member, classified mainly with respect to the kind of stress 
to which they are subject, will be discussed in detail in the following 
paragraphs. . 


FLEXURAL MEMBERS 


Starting with a workable concept of flexural action, as established by 
the pioneer researches of Talbot, Withey, Mérsch, Bach, Graf and 
many others, some of the essential design limitations of a flexural member 
were clearly defined by the studies of Slater and Zipprodt in 1920 and 
Slater and Lyse in 1930. By judiciously planned tests, they established 
empirical criteria for a reasonably accurate evaluation of the potential 
compressive flexural strength of concrete. This, together with previous 
knowledge of the action of tensile reinforcement, gives the designer a 
clear conception of the factor of safety against tensile or compressive 
failure in any beam and enables him to judge for himself as to the pro- 
priety of the allowable stresses currently provided for design. Thus, 
with the present ACI Building Code Requirements (ACI 318-47) it is 
evident that the factor of safety for static loads is 3.1 or more for com- 
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pressive flexure, but only 2.0 to 2.5 for tensile reinforcement, using the 
yield point of the steel as the limit of maximum usable tensile strength 
in a beam. This excess of strength in compression is not the result of 
accident or ignorance, it was “planned that way.’”’ One reason for this 
situation is the sudden violent nature of a compression failure, as con- 
trasted with the gradual yielding, accompanied by excessive cracking and 
deflection, which characterizes a tension failure. Nor can it be denied 
that, under usual construction conditions, there is a greater chance for 
the use of a defective quality of concrete than of steel. 


DIAGONAL TENSION 


Two elements of beam strength have been considered; two others 
that are normally present are resistance to diagonal tension and bond. 
In the studies of diagonal tension (or shear) reinforcement, the work of 
Slater, Lord and Zipprodt in 1926, has had a profound effect upon the 
design methods now current. Starting at a time when many codes set a 
ceiling of 120 psi for the allowable shearing stress in a beam with web 
reinforcement, Slater demonstrated by tests that an allowable stress of 
400 psi could be safely used in a properly designed member made of con- 
crete of high strength. In fact,he showed that there was very little 
need for a ceiling on allowable shearing stress, in beams properly de- 
signed and constructed. His method of analysis of web members, using 
the truss analogy, forms the basis for the design equations of the ACI 
Code. 

Tests at the University of Illinois in 1927 and 1928 supported Slater’s 
findings and recent tests by Moretto in 1945 showed some distinct 
advantages of welding inclined or vertical stirrups to the longitudinal 
reinforcement. 


BOND 


Very important advances have been made in knowledge of the dis- 
tribution of bond stresses in various members and in the development of 
a highly improved deformed bar. Starting with the classic tests by 
Abrams in 1913 as a background, a large amount of laboratory research 
has been done. Mylrea, in 1928, published a critical study of the carry- 
ing power of hooks. From 1934 to 1940 Gilkey and others at lowa State 
College conducted an extensive investigation of bond stresses, including 
the bond stress distribution along a bar and the effect of various embedded 
lengths of bar. ACI Committee 208, organized in 1934, sponsored bond 
studies and evidently inspired valuable research. Recent tests at the 
National Bureau of Standards have produced data on bond stress dis- 


tribution, bond at lapped splices and the effect of deformations on crack 
distribution. 
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Of major interest has been the work of Menzel of the Portland Cement 
Association in designing a greatly improved type of bar deformation 
and in demonstrating its value by a large number of very careful tests, 
followed by a systematic investigation by the American Iron and Steel 
Institute to study various styles of improved deformations. Their 
studies, made in cooperation with the Bureau of Standards, are being 
evaluated with a view to recommending a revision of allowable bond 
stresses for improved bars in the ACI Code. If greater allowable bond 
stresses are permitted, not only will the plain bar be a thing of the past, 
but reinforcing details may be greatly simplified. 


PLASTIC THEORY OF FLEXURE 


The assumption, by Talbot in 1904, that the compressive stress dis- 
tribution in a beam could be represented by a second-degree parabola, 
was, of course, an early recognition of plastic, or inelastic, deformation 
in concrete. In more recent years many other representations of the 
stress diagram have been proposed. The rectangular diagram, used by 
Whitney in 1940 and the trapezoidal diagram used by Jensen in 1943, 
give results which seem to correspond well with test values. There are 
some who advocate the adoption of one of the “plastic theory’ proce- 
ures for design instead of the usual straight-line theory. As stated before, 
our knowledge of the latter is reasonably accurate and satisfactory, so 
that it gives a fair yardstick by which to measure the new theories. For 
design use, the new methods should demonstrate some major advantages 
to justify the changing of our text books, hand books, building codes, 
ete. 

A feature sometimes presented as a part of the plastic theory is a 
decided increase in compressive flexural stresses as compared with current 
practice. This is essentially a matter of change in factor of safety and 
not an inherent feature of the theory. Such a change in allowable con- 
crete stress needs to be studied on the basis of what such a change will 
do to other design elements such as diagonal tension, as well as on the 
basis of saving in weight or cost of the structure. 


ULTIMATE THEORY OF DESIGN 


A development, not from structural tests, but from a critical study of 
design procedures, is the proposal to design structures from a considera- 
tion of ultimate strength rather than by use of allowable stresses. It is 
argued, and correctly, that by using design loads and allowable stresses, 
no distinction is made between the factors of safety used for live and dead 
loads. It seems logical that a somewhat smaller factor of safety might be 
used for dead load than for live load. The proposed method would 
multiply the live and dead loads by the respective factors of safety and 
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proportion the member to take this ultimate load. It is possible that the 
desirable features of this theory could be adapted to fit the current 
system employing allowable design stresses. 


COLUMNS 


Since 1930, significant changes in column design have come about, 
influenced largely by the ACI column investigation, conducted in 1930-31 
by the Institute in cooperation with Lehigh University and the Uni- 
versity of Illinois. In this one study, 564 columns were tested, with 
attention given to size of column, quality of concrete, quality and 
amount of longitudinal and spiral reinforcement, rate of application of 
load, and shrinkage and creep under sustained loads. Subsequent tests 
have been made to study the effect of eccentric loading, of protective 
shells and of column slenderness. 

The impact of the results of these tests on design methods may ‘be 
seen by reference to the 1940 Joint Committee Report and the current 
ACI Code. Noticeable departures from previous design procedures are 
found in the use of the gross area of the column as a structural unit, in a 
simple design formula based on a generalized concept of failure in the 
plastic stage of deformation and the use of a sliding factor of safety 
varying with the percentage of reinforcement. Also utilized are a 
simplified design method of allowing for eccentricity of loading and a 
reduction formula for long columns. <A large amount of basic test in- 
formation supporting the design procedure is given in University of 
Illinois Bulletins 267 and 368; the latter contains a new study of buckling 
failures of slender columns by means of the Engesser or tangent modulus 
theory, whereby the strength of any long column may be estimated by 
reference to stress-strain records for a short column of the same design and 
materials. 


FOOTINGS 


Since the tests of wall and column footings by Talbot in 1913 there 
has been practically no research on such members until the cooperative 
investigation at the University of Illinois sponsored by the American 
Iron and Steel Institute was begun in 1944. These tests cover studies 
of bond, diagonal tension and tension failures, as well as such details 


as the use of welded mats, footing caps and rectangular footings. No 
results have been published to date, but when available they will un- 
doubtedly furnish a check on the validity of the design methods of the 
current ACI Code and Joint Committee report. 
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STATICALLY INDETERMINATE STRUCTURES 


Great progress has been made in the field of statically indeterminate 
frames and slabs in recent years, mainly through improvement in methods 
for stress analysis. 

In the field of continuous beams and frames, the work of Professor 
Hardy Cross stands preéminent. By his well-known ‘moment distri- 
bution” and “column analogy’ methods of analysis, he has greatly 
simplified the determination of moments and shears, thereby bringing 
the treatment of such structures within easy grasp of the average de- 
signer. The result is the increased and more accurate utilization of 
continuous building frames in a material naturally adapted to con- 
tinuity. 

The design of continuous building frames obviously requires recogni- 
tion of bending stresses in columns, a feature generally ignored in building 
codes of only a few years ago. 


FLAT SLABS 


The flat slab floor is a type of continuous structure in which the 
analysis and design may be said to have lagged after construction. Here 
the many building tests of the period 1912 to 1925 and the classic analyti- 
cal studies by Westergaard and Slater in 1921 bore fruit in the design 
procedures of the Joint Committee Reports of 1924 and later years. 
The principal innovation of recent years has been the application of an 
alternate method in the ACI Code, which is based on continuous frame 
theory and permits variations in span lengths, number of bays, etc., 
not feasible under the older methods of analysis. 


TWO-WAY SLABS 


While the two-way slab had been designed and used for many years 
it was not until recently that design methods were placed on a basis 
comparable with those for flat slabs. In 1926, Westergaard presented a 
comprehensive analytical study of the two-way slab floor, and further 
proposed a reduction in design moments below those required by statics. 
This was in recognition of the highly indeterminate nature of the rein- 
forced concrete slab, which can continue to function although over- 
stressed locally. This use of reduced moments for both two-way and 
flat slabs may be considered as an indirect way of permitting increased 
design stresses in this very reliable type of structure. While the design 
methods of the 1940 Joint Committee Report and the 1947 ACI Code 
appear to be quite unlike, they produce results which do not differ too 
greatly with the theoretically more exact analysis. A new procedure by 
Newmark and Siess, based on theoretical studies, promises to be an 
improvement on existing methods, both as to accuracy and simplicity. 
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HIGHWAY BRIDGES 


A 12-year investigation of reinforced concrete bridge floors, normally 
subject to concentrated wheel loads, has produced a considerable accu- 
mulation of information bearing on design. A systematic program of 
mathematical analysis, laboratory tests and development of design 
procedures is being followed for various types of slabs. This has been 
completed for the solid-slab simple-span right bridge with curbs, and is 
approaching completion for the corresponding skew bridge. Similar 
progress has been made for the slab floor supported by I-beam stringers, 
for both simple and continuous spans, and includes the study of shear 
connections which bind the slab and stringer into an integral structural 
unit. Some of these developments have already found their way into 
current design practice; others still under study promise not only more 
accurate designs but also a considerable economy of materials. 


RIGID FRAME BRIDGES 


Since about 1930 there has been an amazing increase in the use of the 
rigid frame highway bridge, particularly of the single span type. Much 
credit for this development is due to the Portland Cement Association, 
which promoted a simple design procedure and advocated a particular 
style of frame, which has been used almost universally. This type of 
bridge has found much use as an overpass at grade separations, since it 
allows the difference in elevation of the two grades to be held to a mini- 
mum. The Portland Cement Association has also sponsored research on 
load capacity, shrinkage and creep of frame models, also on tests of 
filleted corners or knees and on structural hinges. 


Architectural treatment has been devised for this type of bridge to 
give it a very pleasing modern style. In fact, this bridge may be classed 
as a distinct development of the last 25 years. 


ARCH BRIDGES 


Important studies were made by the Committee on Arch Bridges of 
the American Society of Civil Engineers in the period 1925-35. Labora- 
tory research for the committee was conducted mainly by Wilson at the 
University of Illinois, who tested several groups of reinforced concrete 
arch bridges of large size, besides several field studies on existing highway 
arches. His laboratory studies of single and multiple span arches, 
with and without spandrel columns and decks, are a classic example of 
fine laboratory technique, and the findings should result in definite 
design improvements. 


ACI Committee 312 on Plain and Reinforced Concrete Arches has 
also provided excellent information for the designer in its two published 
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reports, wherein data on volume changes, creep and temperature effects 
are given, together with a discussion of the action of live and dead 
loads and of initial erection stresses. 

The development of the rigid frame bridge, a special form of arch, 
has undoubtedly contributed much information in the general field 
of arches. The work of Moreell, Parsons and Stang on structural hinges 
is a good example of research applying to both frames and arches. 


EFFECT OF CREEP AND SHRINKAGE OF CONCRETE 


The past 25 years have seen the accumulation of much useful informa- 
tion concerning creep of concrete under a sustained load. At first re- 
garded as an alarming feature of concrete construction, the overall 
effect of creep has been evaluated and it is recognized as a quality of the 
material that is frequently advantageous, being similar in some respects 
to ductility in metals. 

The effect of creep and shrinkage at design loads has been observed 
in numerous tests. For a column, it results in a gradual shifting of 
stress from the concrete to the reinforcing steel. The steel stress may be 
increased a large amount, though rarely enough to approach the yield 
point of the material. The ratio of steel stress to concrete stress may 
reach four times its original value. Such creep, together with shrinkage, 
naturally produces a pronounced permanent shortening of the column 
sometimes undesirable. However, if the column is loaded to failure, the 
shift of stresses due to creep disappears when the steel reaches the yield 
point, and the maximum load is unaffected. 


In flexural members, the effect of creep is to shift the neutral axis 
toward the tension face, cause a three to four-fold increase in deflections 
and compressive strains, greatly increase stresses in compression rein- 
forcement, and cause a very slight increase in tensile steel stresses above 
design values. Here again, except for the large distortions and deflec- 
tions at working stresses, no permanent harm is done and the ultimate 
strength of the member is not particularly affected. 


The foregoing may be summarized with the statement that under 
slow application of load such as in a building, initial stresses set up 
through distortion or deformation of the structure (and not through loads) 
have little effect on ultimate strength, because of the large inelastic 
deformations which precede or accompany failure stresses. 


PRE-CAST MEMBERS 


While the idea of pre-cast units, which can be manufactured and 
cured in a factory and assembled into a structure in the field is not a new 
one, recent high construction costs during and since the war, and the 
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shortage of other building materials and of form lumber have resulted 
in an extensive renewal of interest in such construction. Several ad- 
vantages may be seen readily. In the first place, shop manufacture pro- 
vides ideal conditions for the production of concrete of uniform and 
controlled quality, and for its placing by use of vibration in metal molds 
of accurate dimensions, followed by proper curing and aging of the 
members before use. Reinforcing units can be made with straight bars, 
using shop welding, and the reinforcement can be accurately spaced 
and held in position. If desired, special surface textures can be applied 
in the casting process. 

Among the principal difficulties to be overcome are transportation 
and assembly of separate units to produce a continuous rigid structure 
comparable with cast-in-place construction, also the construction of 
joints in walls and floors to produce satisfactory appearance and utility. 
Obviously structural members can be bonded together at junctions by 
projecting lengths of reinforcement, embedded in a small amount of 
field concrete. Welding of adjacent reinforcement at junctions presents 
advantages. 

Exceptional progress in precast buildings has been made recently by 
various organizations, among whom the Bureau of Yards and Docks of 
the Navy Department has been outstanding. With satisfactory solu- 
tions of such major problems as bonding of structural connections, pro- 
duction of weatherproof joints in exteriors and the mechanical handling 
of units in the assembling process already demonstrated, economic 
conditions will undoubtedly bring about the rapid expansion of this 
type of construction. 


PRESTRESSED REINFORCED CONCRETE 


The prestressing of reinforcing steel in tension to induce compressive 
stresses in the concrete after casting is a relatively new development. 
An early example is found in the construction of a water tank by Hewitt 
in 1923, by casting a plain concrete cylindrical shell, encasing this with 
hoops of reinforcing steel, tightened to produce a predetermined steel 
stress, then covering the steel with an outer shell of concrete. While 
this use of prestress was to secure water tightness in the standpipe, it is 
obvious that the elimination of cracking in any concrete structure is 
desirable. The principle used by Hewitt has been used successfully in 
the manufacture of concrete pressure pipe, wherein the reinforcing steel, 
in the form of wire, is wound, under tension, onto the revolving pipe 
shell. 

Other applications of prestressing developed mainly in Europe gen- 
erally involve one of two processes: (1) casting the member with the 
reinforcement initially highly stressed in tension or (2) casting the 
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member with the reinforcement unstressed but prevented from bonding 
with the concrete, then after the concrete has hardened, stretching and 
anchoring the bars, and finally grouting around the bars to develop 
bond. 

An evident advantage is possible in prestressed members if a rein- 
forcement of very high strength is used. Provision has not yet been 
made in most building codes to permit the high steel stresses that may 
be thus developed. 

Prestressing may obviously be applied most easily to standardized 
units such as may be precast in a shop, where facilities for stressing the 
steel can best be arranged. General use of the process for cast-in-place 
building construction is still to be demonstrated. 


INSPECTION OF CONSTRUCTION WORK 


As indicated at the beginning of this paper, many advances in design 
are retarded by inability to insure their proper execution. Part of this 
is due to the loss of trained workmen through a period of construction 
inactivity, combined with wartime displacements. Another part is 
due to incompetent inspection. Inspection is generally furnished by the 
architect on a building, not always too familiar with the structural design, 
and engrossed with matters of architectural utility and decoration. 
- Many structural engineers feel that their responsibility ceases when the 
design is made. The owner of the building undoubtedly thinks he is 
paying for a competent job of design and construction. With such a 
situation existing in many large cities throughout the country, the need 
for a reform in practice is clear. Probably the best source of change is 
through the structural engineer, who should provide inspection of the 
construction of all structural members, and should set his fees accordingly. 

Needless to say, if one tried to emulate some of the daring designs 
frequently executed in countries where steel is scarce, and lower factors 
of safety are consequently employed, an entirely new class of inspectors 
would be required. Even with present conditions, the careful training of 
inspectors will pay handsome dividends. 

The foregoing remarks apply principally to building inspection. 
Railroad and highway organizations as a class provide competent in- 
spection and careful attention is generally given to this phase of con- 
struction of dams, hydroelectric and irrigation systems and other hy- 
draulic structures. It is hoped that in the next 25 years, a like advance 
will be made in building inspection. 

The foregoing comments are admittedly sketchy and incomplete, 
and probably biased by the writer’s experience and interests. Many 
topics have gone unmentioned because of lack of space. Nor has it been 
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possible to give adequate credit to the hundreds of people responsible 
for the advances that have been made. 

However, perhaps this review will be of value in pointing out recent 
striking improvements and developments in reinforced concrete design, 
and in providing encouragement and inspiration to renewed efforts by 
the members of the Institute toward further progress. 
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Concrete Durability: Twenty-five Years of Progress 


- By RODERICK B. YOUNG* 


Member American Concrete Institute 


Those of us who can remember “way back when’’ will recall that 25 
years ago the durability of concrete was largely taken for granted. The 
destructive effects resulting from exposure to sea water and alkali soils 
had been recognized and studied, but otherwise the views of the industry 
were epitomized in the then popular slogan, ‘“‘Concrete for Permanence.”’ 
The intervening years have seen a marked ‘change in this viewpoint 
and it is the purpose of this paper to review some of the influences that 
have brought this about and to consider our present position. 


As a beginning, it might be well to recall, briefly, some of the prob- 
lems that were occupying the minds of concrete men 25 years ago. In 
1918, Abrams“) first announced the water-cement ratio theory establish- 
ing a relation between the strength of concrete and its water content, 
and later he introduced, in conjunction with it, a method of mix design 
based on the grading of the aggregate, expressed in terms of fineness 
modulus. In spite of the prominence given Abrams’ work there were, 
even in 1923, only a few who recognized the full significance of his dis- 
coveries and many still who questioned their validity. This was due 
in part to the confusion in thinking that resulted from the close associa- 
tion of the two ideas, water-cement ratio and fineness modulus. The 
former was a basic law of concrete, the latter a method of using the 
former in the design of concrete mixes. The emphasis placed on fineness 
modulus by its proponents tended to obscure the fundamental import- 
ance of the water-cement ratio concept, and as a result, its usefulness 
was not fully realized for many years. 


Another result of Abrams’ discoveries and the discussion and con- 
troversy that subsequently took place, was to give undue prominence to 
a single property of concrete, its compressive strength. With the advent 
of the water-cement ratio theory, a means became available by which 
the strength of concrete could be predetermined and the idea of specify- 
ing the quality of concrete in terms of its compressive strength at some 
age began to gain favor, though not without a great deal of argument 
regarding its practicability. These circumstances and the fact that 
Abrams’ theories as presented, were stated in relation to 28-day com- 
pressive strength, tended to emphasize the latter until, in the minds of 
most, it became the only important property of concrete. 

I think that the experience of the writer illustrates the changes in 
thinking that took place in the next few years. In 1917, the Hydro- 
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Electric Power Commission of Ontario undertook the construction of 
several power developments requiring the use of large volumes of con- 
crete, and he was asked to develop a method for its inspection and 
control. He was getting exactly nowhere with his assignment when 
Abrams announced his water-cement ratio theory. It seemed to offer a 
solution to the problem. Experimental work to confirm the theory was 
‘arried out in the laboratories of the commission and a method of quality 
control was developed by which the proportions of the concrete mix were 
varied as necessary to maintain simultaneously, a predetermined water- 
cement ratio and consistency for each class of concrete specified. The 
method was first used in 1919 on a small power development) (6,200 
cu yd) and in 1920 on a larger job™ (35,000 cu yd). The results were so 
satisfactory that in the fall of 1920 and during 1921, it was used for the 
control of over 400,000 cu yd of concrete in the world’s then largest 
hydroelectric power project, the Chippewa-Queenston Development. 


During this time the writer never questioned the durability of con- 
crete. Like others, he felt that, if well made and of a strength suitable 
to the loads it had to carry, nothing more was necessary. But he was 
quickly disillusioned by the early scaling, on one of these jobs, of several 
retaining walls that were subject to severe exposure. Although every 
‘are had been taken in their construction, they definitely lacked dura- 
bility. Looking further he found similar conditions in many structures 
and that others were having a like experience. 


Prior to 1923, discussions on the durability of concrete were largely 
confined to small groups meeting in “bull sessions” at conventions and 
elsewhere. One of these sessions may have prompted the editorial® 
that inspired this series of papers. It was one of the first, if not the first, 
public references to a developing dissatisfaction with the durability of 
concrete. Later, in the same year, in a symposium sponsored by the 
American Society for Testing Materials, these views were further pub- 
licised. Wight™ in introducing this symposium, said: 


Only those blinded by prejudice can fail to admit that a great deal of 
existing concrete falls far short of the expectations of its designers in 
appearance and in structure. Most of this concrete was satisfactory 
when the forms were first removed. It is probable that the builders 
when they left the job were convinced that they had turned over to the 
owner a structure that would continue in the acceptable condition they 
left it. 


For some reason or other there has been change with the passing of 
time—not change due to unexpected or undue load or wear, but change 
due to the natural exposure of the elements and the natural reactions 
in the concrete itself. To conceal such examples is to play the ostrich. 
They are usually where he who runs may read and as unexplained horri- 
ble examples, they merely serve to deter the uninformed owner or pros- 
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pective owner from accepting concrete as a suitable building material. 
Studied, however, and subject to the light of criticism, they may reveal 
basic errors which can be avoided in future. 

This then was the situation 25 years ago, the sort of thinking that was 
agitating a small minority of concrete men at the time. A minority is 
seldom popular, especially when its ideas seem to threaten the interests 
of the majority and the sceptics of 1923 who questioned the durability 
of concrete were anathema to the orthodox of the concrete industry. 
It is to the credit of that industry that, as evidence of deterioration 
accumulated, their attitude changed. Whereas, in 1923, they viewed 
any doubts as to the permanence of concrete as heresy, and its criticism 
as disloyalty, by 1927, they had empowered the Portland Cement Asso- 
ciation to undertake a widespread survey of existing structures to 
determine the facts about the behaviour of concrete in service. Notable 
contributions to our knowledge in this field have resulted from their 
studies. 

In 1928, a committee of the Institute made a similar but more limited 
survey in the northeastern United States and Canada resulting the next 
winter in a series of papers’). The remarks made by Lindau in intro- 
ducing these papers are worth repeating here for they illustrate, most 
aptly, the change in attitude that had taken place in the five preceding 
years. 

The concrete industry seems to be entering a phase of its development 
in which durability is becoming a question of major importance. Dura- 
bility has rather generally been taken for granted as an inherent quality 
of concrete and we have concerned ourselves largely with factors affect- 
ing the strength of concrete and its behavior under external forces and 
loads. 


Also, by 1928, more and more engineers were utilizing the new water- 
cement ratio methods to improve their concrete and their concepts of 
quality control were broadening. It was becoming increasingly evident 
that to get quality concrete, one had to more than design a mix; that all 
steps in the manufacture of concrete from the processing of the aggre- 
gates to the final curing of the concrete had to be controlled. Better 
methods of construction were coming into use. Weight proportioning 
was well established, chutes for primary distribution were falling into 
disfavor and a few organizations were experimenting with vibration as a 
means of consolidating the drier concretes that were then beginning 
to be used. All these changes tended to produce a more durable con- 
crete. 

It is not the purpose of this paper to lead the reader, step by step, 
along the path that brought us to our present knowledge of durability. 
Practically everything we learn about concrete, its properties and be- 
haviour, advances our understanding of the factors that contribute to 
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its quality. Over the years, many men have made contributions to the 
knowledge and to attempt here to cite their individual achievements. 
would require the writing of a treatise. On the other hand, a brief 
review of our progress will aid in a better understanding of why, at the 
moment, we are where we are. 

Take the case of cement. Twenty-five years ago when one spoke of 
portland cement, one did not have to qualify the statement by mention- 
ing a type. There were other cements, such as natural and slag, but 
only one portland, namely, that meeting the standard specification of 
the American Society for Testing Materials. Then, with the introduction 
into North America of aluminous cements, with their quick-hardening 
properties, came the development of a competitive portland, the “high- 
varly.”’ Later, with the construction of Hoover and other large dams, 
modified and low-heat portlands were developed and during the same 
period, alkali-resisting portlands to combat the effects of exposure to 
corrosive waters and soils in the more arid regions of the west. These 
new cements and the studies that led to their development brought 
about important changes in cement composition and manufacture, 
particularly in its fineness. Some experts question whether these changes 
in cement improved the durability of the concrete in which they were 
used. A recent survey of highway bridges made by Jackson”) indicates 
that structures built before 1930 were, on the average, more durable than 
those built subsequent to that date and suggests that the modern cements 
are producing less durable concretes than those of 20 years and more 
ago. But whether one believes that cement is or is not at fault for this 
situation, it can hardly be disputed that much concrete built since 1930, 
using modern methods of construction and supervision, is not proving 
durable. We need to know why this is so; we cannot go on expertly 
making concrete for which, in a short while, we have to explain and 
apologize. 

An important new type of cement, known as air-entraining, has been 
developed in the last few years. During manufacture certain substances 
are ground into otherwise standard cements which cause air bubbles to 
form, producing minute voids in the concrete. Similar results can be 
obtained where the same substances are used as admixtures and many 
prefer to entrain air in this way. However obtained, the presence of 
air voids in concrete modifies its properties in important ways, one of 
which is to increase its resistance to various destructive agents". It is 
probably too soon to assess fully the effect of air entrainment on dur- 
ability; it will take time to do that, but experience to date has demon- 
strated its value in retarding highway slab scaling from salting and 
exposure, and laboratory and field research indicates it. produces a con- 
crete more than ordinarily resistant to freezing and thawing. There is 
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reason to believe that in outdoor concrete, air entrainment will provide 
the extra modicum of resistance to the natural forces of weathering that 
will enable the concrete in which it is used to remain indefinitely in 
good condition. Durable concrete can be and has been made without 
the addition of air voids but considering the low cost of air entrainment, 
it seems likely that before long, it will come into general use, especially 
for those structures subjected to severe exposures. 

Another development in the field of cement is the pozzolanic portland 
cement. Pozzolanic cements have been used since the times of the 
ancients and the addition of pozzolans of various kinds to portland 
cement is common practice in Europe although not on this continent. 
But pozzolanic portland cements have been used in a few structures here 
to increase their durability and seem to be gaining in favor. Further 
impetus to their use will probably result from the fact that laboratory 
research suggests that they may offer a solution to the problem of re- 
ducing to safe limits the expansive forces set up by reactive aggregates !”). 

Certain aggregates when used in concrete, have long been known to be 
destructive. Shale was one of the earliest recognized as dangerous and 
from time to time others have been reported. When condition surveys 
of concrete structures were first made, cases of aggregate trouble were 
discovered but their number were relatively few compared with de- 
terioration from other causes and they were considered to be one of the 
lesser reasons for lack of durability. Trouble due to chert was found in 
these early surveys and, before this, Reagel*) had reported cases in 
Missouri, but the destructive potentialities of chert were not fully 
realized until later after it was found to be widely distributed over the 
central United States, which circumstance caused its properties to be 
extensively studied. 

Defects caused by shale and chert are usually easy to diagnose, al- 
though not always easy to prevent, but other types of aggregates have 
also proven unsatisfactory. Sweet and Woods” in their review of the 
influence of aggregate on concrete durability have cited many examples. 
Only one of these will be referred to here, 7.e., the destructive effects 
that can be produced in concrete where certain cement-aggregate com- 
binations occur. Stanton’s“® discovery of an expansive reaction be- 
tween the alkali constituents of portland cement and certain types of 
silica occurring in aggregates, forms a notable advance in our knowledge 
of durability. It explains many previously mysterious cases of defective 
concrete in which aggregate was suspected as the cause and inspired 
others to carry on investigations that have helped us to understand the 
phenomenon and prevent similar trouble elsewhere. While recognizing 
the great importance of the work of these investigators, the writer would 
like to offer a caution to the laity of the concrete industry,—all concrete 
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troubles showing volume changes in concrete are not due to an alkali- 
aggregate reaction; at the moment too many observers are prone to 
give this as the reason for any volume change noted without obtaining 
the evidence necessary to support their opinion. Concrete still fails 
for other reasons and most of what we learned about aggregates before 
the alkali-aggregate reaction was discovered is still valid and should not 
be ignored. 


Poor workmanship during construction is a common cause for de- 
fective concrete. It was early observed that many defects were similar 
in type and apparently had a like origin. The majority of these could 
be traced to segregation in some form brought about by harsh or overwet 
mixes, to poor handling and placing methods, and to over-manipulation 
or finishing. There is little excuse for defects due to poor workmanship; 
they are almost entirely preventable by greater care in construction and 
better supervision. In 1929, they were estimated by the writer and 
others to be the cause of 75 percent or more of all defects found in con- 
crete. Defects due to poor workmanship are still common, especially 
in smaller and less well supervised concreting operations, but the writer 
has observed that their magnitude and frequency are declining and 
that in the last 15 years, the average quality of workmanship has greatly 
improved. It is to be regretted that the present indifference of con- 
struction labor is tending to reverse this trend and is making it difficult 
to maintain the higher standards recently prevailing. 

In the 19 years that have elapsed since Lindau’s remarks, the prob- 
lem of durability in concrete has received a great deal of study by an 
increasing number of able men from which we have learned much. We 
know, for instance, that there are many factors that will cause deteriora- 
tion and we have learned something of how they work. We know how to 
recognize the effects of many of these factors from the behaviour of the 
concrete subject to them. We know that the quality of the concrete 
constituents can be involved in deterioration. We have found that poor 
workmanship is a common factor and that deterioration from this cause 
is unnecessary and largely preventable. We know that some concrete of 
poor quality has given good service and some excellent concrete has not, 
that the type and severity of the exposure it has to meet is an important 
factor in its performance. We know that the designer as well as the 
builder of concrete structures is to blame for some of the troubles that 
develop in service, that lack of proper provision for drainage is one of the 
commoner of these, another, insufficient attention to minor details of 
design. But lest we become too complacent, let us remember that there 
are still many cases of concrete deterioration that we can’t explain, that 
much of our knowledge of the phenomena of deterioration is approximate 








w 
¥ 
4 


738 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1948 


rather than exact and that probably we still have more to learn than 
the sum total of all we know or think we know at the present. 


Before concluding, it might be profitable to consider some of the things 
we might do to further advance our knowledge of concrete durability. 
There are several that come to mind. The author has given much 
thought to the probable service life of concrete under different condi- 
tions. Excepting possibly for pavement slabs, data are too meager to 
determine this directly by the accepted method of averaging the life 
spans of representative structures, and one has to attempt a solution 
of the problem by some other approach. With concrete, the most 
promising would seem to be by a consideration of the rate at which it 
deteriorates since this would vary inversely with its probable life. Rates 
of deterioration must be expressed quantitatively to be of use in this 
sort of study and here our difficulties begin, for to do this requires that 
we be able to assess accurately the condition of the concrete under con- 
sideration at two or more points in time and as yet we have no accepted 
means for doing this. What is needed are: 


1. More tests for basic quality that can be applied in the field; 
the ultrasonic test for determining dynamic modulus, developed by 
Leslie and Cheesman, is such a test.“® 

2. <A generally accepted method for rating the condition of con- 
crete in terms of its observed defects. Different observers have 
already rated the condition of test blocks and specimens quantita- 
tively and their success suggests the possibility of developing a 
more comprehensive system applicable to structures or parts of 
structures. 


With quality and condition stated quantitatively, a correlation be- 
tween them could be worked out to give a factor which would indicate 
probable life under the particular conditions of exposure affecting the 
structure under consideration. 


While the foregoing would establish the rate and life for a given struc- 
ture, the data could not be directly compared to rates for other structires 
without a knowledge of the destructive capacities of the different ex- 
posures acting on them. For this we need a system for evaluating the 
severity of exposure to which a structure or its parts are subjected. The 
severity of any exposure caused by natural weathering, 7.e., its potential 
as a destructive agent, is a matter of climate, slope of the structural 
surfaces of the structure, their orientation and the possible contacts of 
the concrete with sources of moisture. The problem of evaluating ex- 
posure is that of working out a method for stating the composite effect 
of these variables in some quantitative way and it seems to the author 
to be one that can be solved experimentally without too much difficulty. 
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Another field of study that could profitably be pursued is the correla- 
tion of laboratory research and field observations. Too many investiga- 
tions begin and end in the laboratory without any attempt to tie the 
laboratory into the field by tests designed to obtain parallel data that 
could be directly compared. Many of the laboratory tests we use in the 
study of durability are a form of accelerated test and in all branches of 
science, the accelerated test has been found to require correlation with 
tests made with parallel specimens exposed under natural conditions, 
if their results are to be properly evaluated. Take, for example, our 
freezing and thawing tests; we use them to measure the resistance of 
concrete to frost action. Many different test procedures are used for this 
purpose and in most cases, the manner in which the laboratory speci- 
mens break down under test is quite different from the way that freezing 
and thawing affects concrete in the field. We need more researches like 
the “Long-Time Study of Cement Performance in Concrete’, being 
conducted by the Portland Cement Association where the concretes 
made from 27 different cements not only are being investigated thor- 
oughly in the laboratory but also have been used in structures built 
under closely controlled conditions and made into various types of field 
specimens for outside exposure. It is true that an investigation of the 
sort carried out by the association is very expensive and by reason of its 
extent and cost, beyond the ability of most investigators to perform, 
but the types of field specimens used by this organization in their field 
tests, 7.e., open-top boxes, slabs and columns, would not be too expensive 
for many to use. The author has been greatly impressed with the per- 
formance of these field specimens; they react to weathering in the same 
way as do outdoor structures and offer a very satisfactory means of 
correlating laboratory tests, field tests and data obtained from the 
observation of structures in service. 

We need more clinical methods for the diagnosis of the causes of 
deterioration that can be readily and quickly applied. Recent advances 
in the detection of reactive aggregates is an example of the kind of test 
needed, the method of Leslie and Cheesman is another. But there are 
too few tests like these available and in most investigations of concrete 
deterioration, the determination of the causes of the trouble requires 
long and involved testing to establish the facts. 


So far, the author has only suggested needed field research, not be- 
‘ause he considers it more important than laboratory research but be- 
rause less attention is being given to it. More laboratory research is also 
needed and some of this should be of a kind not now generally carried 
out. We need to develop more fundamental information of the pro- 
cesses and mechanisms of deterioration. We know, in a general way, 
many of the causes that bring it about but too little of how they function. 
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All research is tending more and more toward the application of the basic 
laws of science to explain observed phenomena. This trend can be seen 
in the field of concrete; less and less are we depending on the averaging of 
large accumulation of data to establish correlations. No one should 
interpret these statements as belittling in any way the achievements 
of the many able investigators whose work has brought us to our present 
knowledge but the history of all science has shown that there comes a 
time in every field, when, if further progress is to be made, the engi- 
neering approach has to give way to that of the mathematician and 
physicist. The author believes we have reached that time with respect 
to many phases of concrete durability. 

In concluding, let us not forget that while in the 25 years under review 
more people have become concerned with the durability of concrete, 
this is not because concrete has become worse, for the contrary is true, 
but because there is more of it and its average age is greater. More 
people are aware of the problem it presents, the challenge it offers the 
industry and the engineering profession. Time is bound to take its toll 
of the best of concrete and our industry is not the only one beset by the 
inevitable wearing away of all things, for even the everlasting hills are 
leveled in time. There is more than a modicum of truth in the jingle 
which the author has quoted more than once, 

Bricks will break, and rocks will fall, 
Paint will peel, and concrete spall, 
Wood will rot, and steel will rust, 
Ashes to ashes, and dust to dust. 


I think when we look back over the 25 years just past we should be en- 
couraged by the progress made. True, there is still too much defective 
concrete and it is still being made but also there are millions of cubic 
yards of concrete giving satisfactory and, in the main, trouble free service 
and this is no mean accomplishment. 
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Progress with Concrete, 1923-1948* 


By R. D. RADER and M. HIRSCHTHAL 


Discussion of the section by J. C. Pearson: 


Comments on Changes in Cement Specifications and Concrete 
Practices During the Past 25 Years 


By R. D. RADERT 


We are very much interested in some of the changes which J. C. 
Pearson lists in cement specifications. We would appreciate infor- 
mation as follows: 

1921—How much was the standard cement specification lower 
than present day Type I in fineness and tensile strength 
requirements? 

1926—How much was the 1921 tensile strength requirement 
increased? 

1930—How much was the further increase? 

1938—-What was the famous 22-year old definition of cement? 

1942-1944-1946-1947— 
What specific revisions of the 1941 cement specifications 
were made during these years? 


CLOSURE} 
In the following specific answers all references are to A.S.T.M. 
standards. 
The 1921 tensile strength requirements were 200 psi at 7 days and 
300 psi at 28 days. Those strengths were respectively 75 psi and 50 





*ACI Journat, April 1948, Proc. V. 44, p. 693. 
+Manager, | -ortland Cement Information Bureau, San Francisco, Calif. 
tInformation supplied by John R. Dwyer, Washington, D. C. following the death of Mr. Pearson. 
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psi lower than the corresponding strengths required for Type I cement 
in the current standard, C150-47. 

2. In 1926 the tensile strength requirements that were required by 
standard C9-21 were raised from 200 to 225 psi at 7 days, and from 
300 to 325 psi at 28 days. 

3. In 1930 the 7-day and 28-day tensile strength requirements were 
further increased to 275 psi at 7 days, and 350 psi at 28 days. 

4. In 1921, 1926 and 1930 editions of C9 standard the tensile strength 
requirements covered only two ages of test specimen-—7 days and 28 
days. 

5. It is not feasible to make any direct comparison between the 
specified fineness for cement in 1921 and now. In 1921 the fineness 
requirement was expressed in terms of allowable residue on the No. 200 
sieve. About 1937 the fineness requirement was deleted. Later when 
preparing the new specification C150 to cover five types of cement, the 
fineness requirement was restored, but in the terms of “specific surface” 
as determined by the Wagner turbidimeter. No fineness limits were 
set for Type III cement. Because of the numerous variables involved, 
the percentages of residue on a No. 200 sieve are not necessarily indi- 
‘ative of the specific surface of a cement; in some cases, all of a cement 
may pass the No. 200 sieve. 

The so-called 22-year-old definition was undoubtedly the following: 
“Portland cement is the product obtained by finely pulverizing clinker 
produced by calcining to incipient fusion an intimate and_ properly 
proportioned mixture of argillaceous and calcareous materials, with 
no additions subsequent to calcination excepting water and calcined 
or uncalcined gypsum.” 


Discussion of the section by R. B. Young: 
Concrete Durability: Twenty-five Years of Progress 


By M. HIRSCHTHAL* 


Mr. Young has presented an interesting paper on the durability of 
concrete and the progress made in the last 25 years in our efforts toward 
the production of concrete that would result in durable structures. 

It is discouraging to find that since our more scientific approach to 
the art of concrete making, which dates back just about 25 years to 
the time of Abrams’ cement-water ratio pronouncement, and greater 
study and knowledge of the constitution of portland cement and its 
reactions, we have been confronted with greater difficulties than before 


*Concrete Engineer, Delaware, Lackawana and Western Kailroad Co., Hoboken, N. J. 
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in our attempts to produce durable concrete. It is to be hoped that 
the fortuitous discovery of the effect of very slight additions of certain 
grinding aids in cement manufacture on concrete making, resulting in 
air-entraining cement (and concrete) with its increase in durability of 
the concrete, will not have a similar aftermath in the next 25 years. 

While basically concurring with all that Mr. Young has to say on 
the causes of concrete failures, the writer would like to express his 
views on some different aspects of the case. In the writer’s opinion 
the two fundamental causes of concrete failures are concerned with the 
materials and with the process of manufacture respectively, and they 
are both the result of the attitude or viewpoint taken by the engineering 
profession at large (with but few exceptions) toward the subject of 
concrete manufacture. 

The attitude toward “the manufacturing process’? was criticized by 
the writer in his paper on repair and maintenance of concrete in railway 
structures, viz: that while it is considered necessary to employ a steel 
or iron worker in steel construction, a carpenter in timber, a bricklayer 
or mason in brick construction, any kind of labor at all is considered 
suitable for concrete construction. 

The same type of mental attitude applies to the selection of materials 
entering into concrete making. Too wide a latitude is permitted in 
the specification of materials—-cement, sand and aggregate, because of 
this attitude, all stemming from the fixed idea that concrete must be a 
“cheap” material of construction, resulting in a frequent selection of a 
source of material close at hand that may not meet the requirement 
of a first-class finished product. In timber construction, for instance, 
if a certain grade of lumber is required, it is not unusual to specify 
that it be obtained from a source as much as 3,000 miles away, to cite 
the use of Oregon pine for use on the Atlantic seaboard. In the case 
of steel construction, products of a Pittsburgh or Birmingham mill will 
be shipped to the Pacific coast for use there. On the other hand, when 
a concrete project is planned, the question of material “locally available’ 
immediately enters into the selection, whereas in the case of steel or 
timber the required qualities of the finished material are satisfied by 
Obtaining them only from sources that can meet the requirements. 
In the case of concrete, “commercial availability’? will most often 
govern the specifications which are written so as not to result in undue 
hardship to the producer or constructor. Even in the manufacture of 
cement, the “available” clinker must be used or else the cost of cement 
is saddled with the additional cost of transportation and resort is had 
to “sweetening” the available clinker. 

The writer appreciates the fact that, with stringent specifications 
governing all the ingredients entering into concrete making and with 
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the employment of labor trained to be skilled in the “manufacture’”’ of 
concrete, the cost of the resulting product would be considerably in- 
creased and the strength of its competition with other materials of con- 
struction possibly reduced for the time being, but if it should result in 
a more durable and more uniform, reliable product, it certainly would 
pay in the long run by its saving in the cost of maintenance, which 
has now become so great. 

A fact that militates against concrete as a material of construction 
is the lack of consistent uniformity in successive batches obtained from 
the mixer in the same structure, resulting in a spot vulnerable to attack 
by weathering, where a sub-normal batch has been poured. Wide 
variations in tests of field specimens give evidence of this lack. This 
may be due to the tolerances we allow in grading, percentages of dele- 
terious substances permitted, manner of mixing, placing and curing. 
Despite past research on these subjects, considerably more research is 
required to obtain an answer to the problem. 

One of the evils that may also share in the responsibility for poor 
concrete is the tendency to view any new discovery in concrete-making 
as a cure-all to the exclusion of other principles and precautions in the 
production of good concrete. When the cement-water ratio theory was 
promulgated and put into practice, most contractors and others con- 
cluded that once you fix this ratio nothing else matters—grading, 
character of material, ete. The danger is now present in the discovery 
of the efficacy of air-entraining agents in cement or concrete; the writer 
was very much perturbed to read of tests in the use of air-entraining 
cement that indicated that wnacceptable fine aggregate used with this 
cement met durability tests to the same extent as sound fine aggregate, 
although that same (unacceptable) sand failed when used with normal 
cement. This example carried further would soon put air entrainment 
in the cure-all category with dire results. 

The writer does not feel at all certain that air-entraining agents 
benefit the concrete because they entrain air so much as because these 
admixtures in the minute amounts used possess certain other properties 
and air entrainment is only incidental. At any rate it is to be hoped 
that in going “overboard” on air-entraining agents, the other important 
principles of concrete making are not thrown overboard. 


One of the principles most often neglected is that of the necessity of 
proper curing. Very frequently, particularly at the last operation of a 
“job” or structure, no curing is given the concrete, even of the perfunctory 
type of spraying the surface once or twice a day even in temperatures of 
100 F and over. This, coupled with loose or deficient inspection, is the 
most common neglect in concrete work. 
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Long-Time Study of Cement Performance in Concrete* 


Chapter 3. Chemical and Physical Tests of the Cements 


By WILLIAM LERCH and C. L. FORDY 


Members American Concrete Institute 


SYNOPSIS 
The results of extensive physical and chemical tests of the 27 cements 
used in the Long-Time Study of Cement Performance in Concrete are re- 
ported in this chapter. ASTM methods of test were followed when avail- 
able. Other test methods used are described or reference given to pub- 
lished description. 


INTRODUCTION 


As indicated in the preceding chapter, the cements used in the Long- 
Time Study of Cement Performance in Concrete include 21 non-air- 
entraining cements and six air-entraining cements, ground from clinker 
produced at 14 different plants. The non-air-entraining Cements repre- 
sent one or more cements of each of the five types of portland cement 
described in ASTM Specification C150-40T. Each air-entraining 
cement was made at the same plant and from the same clinker as one of 
the non-air-entraining cements by intergrinding Vinsol resin in powdered 
form. In the tables in this report the cements are grouped by type and 
the air-entraining cements, identified by the letter T added to the num- 
ber, are included in the same group as their companion non-air-entraining 
cements. 

In the original report of the advisory committee setting up the program 
of this investigation, it was recommended that all known laboratory 
tests for cement and clinker that appear to have possible significance 
should be applied to the materials used in this study, and that an ample 
supply of each cement and clinker be held in reserve for such additional 
: *Received by the Institute Nov, 28, 1947. 


tManager, Department of Applied Research, Portland Cement Assn., Chicago. 
tChief, Analytical Laboratory, Portland Cement Assn., Chicago. 
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tests as are likely to be devised or proposed within the foreseeable future. 
The purpose of such laboratory tests is to weigh their respective merits as 
means of predicting the performance of the cements in concrete struc- 
tures. In line with this recommendation the extensive chemical and 
physical tests on the cement and clinker which are recorded in this 
chapter have been made at the research laboratories of the Portland 
Cement Association. <A discussion of the results of these tests in con- 
nection with the cement performance in concrete will be reserved for 
later studies. 
The data are arranged in four major groups as follows: 
1. Tests prescribed by the ASTM specifications for chemical 
analysis and physical tests, 
2. Heat of hydration, 
3. Tests not required by the ASTM but suggested or used by other 
agencies, 
4. Tests in use in the research laboratories of the Portland Cement 
Association that are not included in any current specifications. 
In a few cases the methods of test are described in detail; in most 
cases references are given to prior publications where the methods are 
described. 


TESTS MADE IN ACCORDANCE WITH ASTM STANDARD 
METHODS OF TEST FOR PORTLAND CEMENT 


Chemical and physical tests of the cements were made by methods 
described in the ASTM specifications that were current at the time the 
tests themselves were made!. 

Chemical analysis of clinker 

Table 3-1* presents results of analyses on all of the clinkers for the 27 
cements. The samples for these tests were obtained from a composite of 
clinker representing the entire production for each cement. In the 
case of the air-entraining cements the clinker production was continuous 
with that of the non-air-entraining counterpart, but the sampling (ex- 
cept for 33 and 33T) was carried out just as if it were a separate operation. 

The samples used for chemical analyses were portions of larger samples 
which were used by Dr. L. 8. Brown in making the petrographic exami- 
nations to be described in another chapter, and from which a number of 
2-ounce samples are being retained for future reference to be reanalyzed 
in the event that new or improved methods of analysis are proposed. 
Portions of these samples are also available for check analyses by other 
laboratories. 


*All tables and figures appear at end of the text. 
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Chemical analysis of cements 

The samples used for these tests were portions of composite samples 
collected during the grinding of the cements. In Table 3-2 the major 
components are shown as determined, and also as corrected for minor 
components that are not separated from these major oxides in the usual 
methods of analysis. The minor components and the chloroform- 
soluble material are shown in Table 3-3. 

The corrections to the major oxides are made by deducting the minor 
components as indicated in Table 3-2. As is seen, the corrections are 
small except in the case of Cements 18 and 18T where a considerable 
reduction in MgO is effected by the corrections for Mn.03. 


Compound composition 

The calculated compound compositions of the 27 cements are shown in 
Table 3-4. For these calculations the total CaO was corrected for free 
CaO, corrections for other minor oxides were not made. The caleula- 
tions were made by methods described by R. H. Bogue’. 

In the selection of the cements for this Long-Time Study it was de- 
sired to obtain cements covering the wide range of the five ASTM 
types, but it was not the intention to limit individual products to the 
exact requirements of any one type. Compliance with requirements 
of individual types was quite general however. This is shown by the 
fact that in Tables 3-2 and 3-4 there are only three instances where the 
values fall outside the limits of ASTM Specification C150-40T. These 
are as follows: 

1. Cement 23 had 51 percent C3S as compared to a maximum 
limitation of 50 percent for Type II cements, 

2. Cement 24 had 20.9 percent SiO, as compared to a minimum 
limitation of 21.0 percent for Type II cements, 

3. Cement 43 had 2.1 percent SO; as compared to a maximum 
limitation of 2.0 percent for Type 1V cement. 


Specific gravity, fineness and specific surface 

The specific gravity, fineness and specific surface of the different 
cements are shown in Table 3-5. The specific surface value shown for 
Cement 21 (1630 sq em per g) is below the minimum average limitation 
of 1700 sq em per g for Type II cement but all other values are within 
the ASTM limits. ASTM specifications place no limitations on specific 
gravity or on fineness as determined by sieves. 
Particle size distribution of cements 

The particle size distribution may be presumed to have an effect on 
the performance of cement in concrete. Table 3-6 shows the size dis- 
tributions which were calculated from data obtained in the determination 
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of specific surface with the Wagner turbidimeter by the ASTM method 
C115-38T. For convenience the specific surfaces from Table 3-5 are 
repeated in the last column of Table 3-6. 
The calculations were based on the following equation: 
Percent by weight in each size range smaller than 60 microns 
rd,(logl, ae log] 4 4. Ad) 


d= 60 
> RPE d,(logl4 — loglg + sa) 


where r = percent passing the 325-mesh sieve 
d = diameter of particles in microns 
d, = average diameter of particles in the range d to d + Ad 
logl, = logarithm of the intensity of the light, in microamperes, 

transmitted through the suspension at the time inter- 
val required for a particle, d microns in diameter, to 
settle from the surface of the suspension to the center 
line of the light beam. 





Normal consistency, time of setting and soundness 
The normal consistency, time of setting and expansion in the auto- 


clave test for soundness are shown in Table 3-7. All of the cements meet 
the ASTM requirements in these tests. 
Tensile strengths 

The tensile strengths of 1 to 3 standard Ottawa sand briquets are 
shown in Table 3-8 and those for neat cement briquets in Table 3-9. 
The data include tests up to five years. All of the cements show strengths 
well in excess of the ASTM requirements for the 1-3 mortar briquets. 
Currently there are no ASTM specifications for strengths of neat cement 
briquets. The average tensile strengths of the different types of cement 
are shown in Table 3-11. 


Compressive strengths of mortars 

The compressive strengths of 1:2.77 graded Ottawa sand mortar 
cubes, using 53 percent of water by weight of the cement, are shown in 
Table 3-10. The data include tests up to 5 years. The cements meet 
the strength requirements of the ASTM Specification C150-40T except 
that Cement 33 with a one-day strength of 1290 psi is slightly below the 
minimum limitation of 1300 psi for Type III cement. There were no 
ASTM specifications for air-entraining cements in 1940 though it may 
be noted that Cement 33T failed to meet the 1-day strength requirement 
for Type III cement. The average compressive strengths of the different 
types of cement are shown in Table 3-11. 


Note: Since these tests were made the ASTM Specification C109-40T has been changed to require the 
use of a 1:2.75 graded Ottawa sand mortar with the water adjusted to give a flow of 100 to 115 on the 10- 
in. flow table. This change was adopted in the specifications issued in December, 1944. In any com- 

arisons of the strength data shown in Table 3-10 with other compressive strength data obtained after 
Jecember, 1944, the change in specifications should be borne in mind. 
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HEAT OF HYDRATION 


The heat of hydration of the cements was determined by the con- 
duction calorimeter method up to 72 hours and by the heat of solution 
method at various ages up to one year. At the time these tests were 
made there was no ASTM method of test, but a method based on heat of 
solution was adopted in 1944 (C186-44T). 

Conduction calorimeter method 

The conduction calorimeter used in these studies has been described 
in a previous publication®. By this method it is possible to obtain 
both the rate of heat liberation and the heats of hydration at early ages 
(up to 72 hours) at any desired temperature by placing the calorimeters 
in a room controlled as required. Four different temperatures, 40, 75, 
90 and 105 F were used in these studies. 

The values obtained at 75 F are given in Table 3-12 to facilitate 
comparisons of the effect of the type of cement and composition on the 
heats of hydration at very early ages. 

The effect of temperature on the heat of hydration at early ages is 
shown in Table 3-13 and its effect on the rate of heat liberation is shown 
in Fig. 3-1. These results show that temperature has a very pronounced 
effect on the rate of heat liberation; increasing the temperature ac- 
celerates the hydration. For example, the pastes cured 8 hours at 105 F 
show, on the average, about the same heat of hydration as those for the 
corresponding cement cured 72 hours at 40 F. The average heats of hy- 
dration, at early ages, for the different types of cement are shown in 
Tables 3-15 and Fig. 3-2. 

Heat of solution method 

The heat of hydration by the heat of solution method was determined 
for neat cement pastes having a W/C = 40 percent by weight. The 
procedure followed in this study was that of the Federal Spec. SS-C- 
158a, 1941. 

The neat cement pastes were mixed at 70 F and placed in glass vials 
which were then tightly stoppered and sealed with paraffin. One set of 
specimens was stored continuously at 70 F until the time of test. <A 
companion set of specimens was stored under conditions to simulate 
mass curing as described in the U. 8. Bureau of Reclamation Specifica- 
tions for Boulder Dam No. 591D, May, 1933, and No. 566, March, 1934. 
Following this procedure the specimens were stored at 70 F for one day 
and at 100 F until the time of test or for an additional 27 days. Those 
used for the tests at ages of 3 months and one year were again stored at 
70 F after the 28th day. 


The heats of hydration for both methods of storage are shown in 
Table 3-14 for ages of 3 days up to. 1 year. The values for the mass- 
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cured pastes are considerably higher at ages of 3 and 7 days than those 
for the corresponding cements stored at 70 F. At ages of 28 days or 
later, the condition of storage had very little effect on the heat of hydra- 
tion. 

The results show a general relationship between cement composition 
and heat of hydration although there are some exceptions for individual 
cements. The Type I and-+ Type III cements are high or moderately 
high in 3CaO.Al,0; and 3CaO.SiO,2 and usually have the highest heats 
of hydration. The Type II and Type V cements which are low in 
3Ca0.Al,0; and of medium 3Ca0.Si0, content are intermediate, while 
the Type IV cements are low in both 3Ca0.Al,0; and 3CaO.SiO, and 
usually have the lowest heats of hydration. The exceptions to this 
trend are mainly at early ages and become less prominent at later ages. 

The values obtained for the non-air-entraining cements and the 
corresponding air-entraining cement were very nearly the same. The 
results indicate that the interground Vinsol resin has no significant 
effect on the heat of hydration. The average heats of hydration of the 
different types of cement are shown in Table 3-15 and Fig. 3-3. 


TESTS NOT REQUIRED BY ASTM BUT SUGGESTED 
OR USED BY OTHER AGENCIES 
A number of tests not included in the ASTM specifications have 
been suggested or used by other agencies. Some of these have been 
applied in the laboratory tests of the Long-Time Study cements. 


Alkalinity, free alkali and water-soluble alkalies 
The alkalinity and free alkali tests were proposed by the late Thaddeus 
Merriman and were incorporated by the New York Board of Water 
Supply, City of New York, in their specifications for portland cement*. 
The methods of test are described in these specifications. 
According to Mr. Merriman the purpose of these tests and the limita- 
tions required were as follows: 
1. The requirements of the alkalinity test limit the alkali content to 
such a point as to protect the men who work in the concrete from the haz- 
ards of “cement burns.” 
2. The requirement for the free alkali places a limit on the alkali content 
both to keep down the efflorescence of the completed concrete, and to in- 
sure that in the setting process while the hydration products are being 
formed, the environment will be such that a maximum of the amorphous 
constituent will be formed. When too much alkali is present there is a 
strong tendency toward the formation of crystalline calcium hydrate 
which lacks durability and is rather readily soluble in water. 


The results of the alkalinity and free alkali tests of the cements are 
shown in Table 3-16. Under the Board of Water Supply specifications, 
the alkalinity of the cement shall not be greater than 3.8, and its free 
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alkali shall not exceed 3.5, each expressed as ml of the 0.456N HCl to 
neutralize 25 ml of the aqueous extract. There appears to be a rather 
close relationship between the two tests since each cement that meets 
the requirement of one also meets the other, while each cement that 
fails to meet the requirement of one test also fails in the other. 

The test for water-soluble alkalies is described in the ASTM C114-40. 
No limitations on water-soluble alkalies are included in the current 
ASTM specifications for portland cement. The results of the tests for 
water-soluble alkalies are included in Table 3-16. 

The alkali contents of the cements (from Table 3-3) are repeated in 
Table 3-16 to show their relationship to the alkalinity, free alkali and 
water-soluble alkali as determined by these tests. 

Sugar-solubility test 

Mr. Merriman also proposed the sugar-solubility test which has been 
incorporated in the specifications of the New York Board of Water 
Supply’. It was his opinion that “the test will easily detect a clinker 
which had been underburned and also detect whether a well-made 
clinker had been spoiled by the addition of water or by storage conditions 
after the clinker was made.” 

The results of sugar-solubility tests are shown in Table 3-16. According 
to the specifications of the New York Board of Water Supply, the sugar 
solubility shall not be greater than 8.0 to the phenolphthalein end point, 
nor greater than 10.0 to the final clear point, measured in ml of 0.56N HCl. 
Three out of 12 of the Type I cements, all six of the Type II cements, 
none of the four Type III cements, three out of four of the Type IV 
cements, and the one Type V cement meet the limitations of the Board 
of Water Supply specification. A discussion of the factors that influence 
the titration values obtained in the test are given in reference®. 

The floc test 

The floc test or “water test’? was proposed by Ira Paul and the method 
of test has been described in previous publications®:?. Mr. Paul has 
expressed the opinion that the results obtained with this test not only 
check the Merriman sulfate test in a shorter time but are also tied in 
with the manufacture of the cement. He proposed a maximum limitation 
of 1.0 percent floc as determined by the test. 

The results of floc tests are given in Table 3-16. Six of the 27 cements 
failed to meet the proposed 1.0 percent maximum limitation. Of these, 
two are of Type I and four are Type III cements. 

The autoclave test for portland cement clinker 

This test was developed by Mr. Paul and was incorporated in the 
specifications of the State of New York Department of Public Works 
Division of Highways in its specification 15A for portland cement, August, 
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1939. Under this specification the loss in the test shall not exceed 4.0 
percent. The method of test is described in the specifications. The 
purpose of the test has been given in a paper® by Mr. Paul, as follows: 


The test is a laboratory method for determining the degree of burning 
of the material in the kiln. A good clinker burnt to equilibrium is well 
vitrified throughout and uniform in texture and color. Such clinker will 
show very little loss when subjected to the autoclave test. An under- 
burnt clinker has its component constituents loosely held together with the 
result that it shows a lack of uniform vitrification, texture and color. The 
autoclave test on poor or improperly burnt clinker causes it to break and 
dust down to powder and the final result is a high loss. 
The results of the autoclave test of the composite clinker samples 
are given in Table 3-16. 


Sulfate resistance tests 


Two different tests for sulfate resistance were used in these studies to 
determine the relative sulfate resistance of the different cements. One 
was based on observations of the warping and cracking of neat cement 
slabs suspended in a 10 percent Na2SO, solution. The other was based 
on measurements of the expansion of lean mortar prisms, 1:6 by weight, 
stored in various sulfate solutions. 


The neat cement slab test was proposed by Mr. Merriman and was 
incorporated in the specifications of the New York Board of Water 
Supply‘. Details of the method are given in the specifications. In this 
test the slabs shall, at the end of 28 days, remain firm, hard and strong 
and shall show no signs of disintegration or softening. Slight warping 
or small surface cracks on the edges and corners are not considered 
grounds for rejection. 

The results of the tests are shown in Table 3-17. In this test four out 
of 12 Type I cements and three out of four Type III cements failed to 
meet the requirements of the New York Board of Water Supply Specifi- 


‘eations. 


The lean mortar bar test for sulfate resistance has been studied by the 
Working Committee on Sulfate Resistance of ASTM Committee C-1. 
It has not been incorporated in ASTM specifications. The method of 
test which is described in detail in a report by the Working Committee, 
Dalton G. Miller, Chairman’, consists of expansion measurements on 
lean mortar prisms stored in various solutions. The results are shown 
in Tables 3-18 to 3-20. Table 3-18 gives the results obtained for prisms 
stored in 0.15M Na2SO, solution, Table 3-19 for those stored in 0.15M 
MgSO, solution, Table 3-20 for those stored in a mixed solution consisting 
of 0.25M Na2SO, plus 0.25M MgSO, and Table 3-21 gives results ob- 
tained for companion specimens stored in water. The expansions of the 
mortar specimens stored in water were used as a basis of comparison to 
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distinguish any excessive expansion resulting from reaction with the 
sulfate solutions. 

In both methods of test, the neat cement slab and the lean mortar 
prisms, there appears to be a rather definite distinction between the 
sulfate resistance of the different types of cement. The Type II, IV 
and V cements show considerably greater resistance to sulfate attack 
than the Type I and III cements. These results are in line with data 
obtained in other studies which have shown that low C;A content is 
accompanied by increased resistance to sulfate attack. 

In each case the air-entraining cements showed a higher resistance 
to sulfate attack than their companion non-air-entraining cement. 
This cannot be attributed to a difference in 3CaO0.Al,.0; content since 
the companion pairs were made from the same batch of clinker and 
were of essentially the same composition. The results indicate that the 
entrained air in some way contributes significantly to sulfate resistance. 


TESTS IN USE IN THE RESEARCH LABORATORIES OF THE PORTLAND 

CEMENT ASSOCIATION THAT ARE NOT INCLUDED IN SPECIFICATIONS 

The research laboratories of the Portland Cement Association made a 
number of tests of portland cements that are not included in current 
specifications. These tests were also applied to the Long-Time Study 
cements. 


Expansion of neat cement prisms stored in water 

Neat cement prisms, 1 x 1 x 114-in., were prepared by the method 
described in the test for autoclave expansion for portland cement, ASTM 
C151-40T. The specimens were cured in the molds moist for one day 
and then stored continuously in water at 70 F. The length changes of 
these specimens up to 5 years are shown in Table 3-22. In these tests 
there were no significant differences in expansion between the different 
types of cement. Of the 27 cements the total expansions at 5 years range 
from a low of 0.060 percent for Cement 15 to a high of 0.215 percent for 
Cement 31. 


Contraction of neat cement prisms stored in air 

Neat cement prisms like those used for expansion in water were used 
for these tests. The specimens were cured in the molds moist 1 day. 
One set of specimens was then placed in air storage at 75 F and 50 per- 
cent relative humidity; a second set was cured an additional 13 days in 
water, then similarly exposed in air. 

The results of the contraction measurements up to 5 years are shown 
in Table 3-23. For both sets of specimens the results are recorded as 
percentage contraction calculated from the length of the specimens at 
the time they were placed in air storage. The specimens cured only one 
day in the molds usually show considerably larger contraction than the 
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companion specimen cured an additional thirteen days in water. For 
the specimens given only the one-day moist curing the contractions at 
5 years range from a low of 0.207 percent for Cement 17 to a high of 
0.506 percent for Cement 14. For specimens cured 1 day in the molds 
and 13 days in water the contractions at 5 years range from a low of 
0.166 percent for Cement 11 to a high of 0.307 percent for Cement 43. 


Alkali-aggregate reactivity 

The purpose of these tests was to determine the potentialities for 
producing abnormal expansion that might result from the various 
cements when used with alkali-reactive aggregates. The method of 
test is similar to the procedure proposed by T. E. Stanton'®, Mortar 
prisms were prepared and measured for expansion under various condi- 
tions of storage. In the preparation of these mortar prisms each cement 
was used with sands as follows: 

1. A non-reactive sand, Elgin, III. 

2. A reactive sand consisting of a mixture of 95 parts by weight of 
Elgin sand and 5 parts of siliceous magnesian limestone from 
California. The siliceous magnesian limestone was used in the 
same grading as the Elgin sand. 

The specimens for the length change measurements were 2 x 2 x 1144- 
in. prisms of 1:2 mortar by weight. The prisms were cured in the molds 
moist one day, then six days in the moist room at 70°F. They were then 
stored as follows: 

1. One prism was stored continuously in the moist room at 70 F. 


2. One prism was stored continuously, standing in about 1 in. of 
water, in tightly covered metal containers kept in a room 
maintained at 75 F. 

Each covered container held 25 prisms. A '%-in. sponge rubber mat 
was cemented to the underside of the cover of the metal containers. 
The weight of the cover pressed the sponge rubber against the rim of 
the container to provide a tight seal. The water in the containers was 
changed once a week for 4 weeks for new specimens, and once a month 
thereafter. This was done to minimize the migration of alkalies between 
the different specimens. They were always placed in the container 
with the same end standing in water. Storage of the prisms standing in 
about one inch of water in the tightly covered metal containers was 
different from the storage used by Mr. Stanton!® who stored them over 
but not in contact with water. 

The results of the length change measurements of the mortar prisms 
are shown in Tables 3-24 to 3-31. Those for the non-reactive aggregate, 
Elgin sand alone, are shown in Tables 3-24 to 3-27 and those for the re- 
active aggregate, 95 parts of Elgin sand with 5 parts of siliceous magnesian 
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limestone, in Tables 3-28 to 3-31. In Tables 3-24, 3-26, 3-28 and 3-30, 
the cements are arranged in numerical order by number while in Tables 
3-25, 3-27, 3-29 and 3-31 they are arranged in the order of decreasing 
total alkali content. The latter arrangement was made to aid in ob- 
serving the relationship between the percentage of alkalies and percentage 
expansion. 

The test with 1-2 mortar stored in covered containers is a very severe 
one which has been useful as a means of detecting highly reactive aggre- 
gates. It has not, however, been correlated with field experience to the 
point where the safe limits on the alkali content of cements can be 
established for particular aggregates for use in concrete. The data in 
Tables 3-24 to 3-31 show results for a highly reactive aggregate (5 percent 
siliceous magnesian limestone + 95 percent Elgin sand) and for a non- 
reactive aggregate (100 percent Elgin sand). For the purpose of illus- 
tration, certain comparisons of these results are pointed out below. 
These are made in terms of an arbitrarily selected limit of expansion 
in the 1-2 mortar test and with respect to cements having alkali contents 
above or below the limit given in the Federal Specification SS-C-192, 
May, 1946, for low alkali cement; namely, total alkali (percent Na2O + 
.658 percent KO) shall not exceed .60 percent. The arbitrary limit on 
expansion selected is .075 percent at 5 years. 


There was no evidence of expansions greater than 0.075 percent, in 
either condition of storage, up to five years when the cements were 
used with Elgin sand alone, Tables 3-24 to 3-27. Furthermore there 
was no relationship between the slight expansion that did occur and the 
total alkali content of the cement. 


Many of the cements produced expansions greater than 0.075 percent 
in these 1:2 mortar prisms when used with the reactive aggregate (95 
parts of Elgin sand and 5 parts of the reactive siliceous magnesian lime- 
stone). This is shown by comparison of the data in Tables 3-28 to 3-31 
with the corresponding data for the non-reactive Elgin sand in Tables 
3-24 to 3-27. With the reactive aggregate the expansion was usually 
less pronounced, or occurred at a later age, for specimens stored in the 
moist room than for the companion specimens stored in the covered 
containers. 


In the moist room storage with the reactive aggregate, 8 of the 27 
cements produced expansions greater than 0.075 percent within 5 years. 
One of the 5 cements containing more than 0.60 percent total alkalies 
(Cement 41 having 0.84 percent) did not produce 0.075 percent expan- 
sion, while four of the 22 cements having less than 0.60 percent alkalies 
did produce expansions greater than 0.075 percent. The cement of 
lowest alkali content that produced 0.075 percent expansion in this 
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storage was Cement 33, a Type III cement, having 0.50 percent total 
alkalies. 


For specimens with reactive aggregate stored in the covered con- 
tainers, expansions greater than 0.075 percent occurred within 5 years 
for all five of the cements having more than 0.60 percent total alkalies 
and for nine of the 22 cements having less than 0.60 alkalies. The 
cement of lowest alkali content showing 0.075 percent expansion in this 
storage was Cement 34, a Type III cement, with 0.46 percent total 
alkalies. 


Non-evaporable water and vapor sorption 

The non-evaporable water and vapor sorption at 0.36 relative vapor 
pressure were determined by methods similar to those described by 
T. C. Powers and T. L. Brownyard!'. The non-evaporable water and 
the vapor sorption, like the heats of hydration, are measures of the 
extent of hydration of the cement. The neat cement specimens, W/C = 
40 percent by weight, were the same as those used for heat of hydration 
by the heat of solution method. Part of a specimen was used for the 
heat of solution test, and the remainder was used to determine the non- 
evaporable water and the sorption. The tests were made with specimens 
cured at 70 F and with the companion mass-cured specimens. 


The non-evaporable water is defined as the quantity of water which 
is retained by the hardened paste when dried over-a mixture of the di- 
and tetra-hydrates of magnesium perchlorate, Mg(ClO4)o.2H.O and 
Mg(Cl04)2.4H20. This mixture has a relative vapor pressure of 0.000024 
at 25 C. These values obtained for non-evaporable water are arbitrary 
values in that other slightly different values would he obtained if the 
pastes were dried over other desiccants. 


The vapor sorption at 0.36 relative vapor pressure is the quantity of 
water taken up by the sample previously dried over the above mixture 
of perchlorates when exposed to the atmosphere of a 50 percent solution 
by weight of sulfuric acid at 25 C, that is, at a relative vapor pressure of 
0.36. 

The procedure in making these determinations was as follows: 


The ground, hardened pastes not required for the heat of hydration 
tests were used. A weighed sample of 30—-150-mesh fraction of this 
material was dried in a vacuum desiccator to constant weight over a 
mixture of the perchlorates at 25 C. This sample was then weighed 
and stored in a desiccator over 50 percent sulfuric acid until it had 
attained a maximum weight when it was again weighed, ignited in a 
muffle furnace and the ignited weight determined. 


With this information the non-evaporable water and vapor sorption at 
0.36 relative vapor pressure as defined above were calculated as follows: 
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The ignited sample weight was converted to its equivalent original 
unignited cement weight by means of the previously determined 
ignition loss of each cement. 

The non-evaporable water is the difference between the sample 
weight over the perchlorate mixture and the calculated original 
unignited cement weight. It is expressed as the percentage ratio to 
the calculated original unignited cement weight. 

The sorption is the difference in the sample weight at 0.36 relative 
vapor pressure and over the perchlorate mixture. It is expressed 
as the percentage ratio to the corresponding calculated original 
unignited cement weight. 

In Table 3-32 these quantities are shown for all the cements at different 
ages for both normal curing and mass curing. The relationships between 
heat of hydration and the non-evaporable water, and between the heat 
of hydration and vapor sorption are shown in Fig. 3-3 and Fig. 3-4. 


ACKNOWLEDGMENT 


The studies described in this report were initiated under the super- 
vision of Dr. W. C. Hansen, formerly Research Chemist for the Portland 
Cement Association, now Manager, Research Laboratories of the Uni- 
versal Atlas Cement Company, Buffington, Indiana. The authors 
wish to acknowledge his contribution to these studies. 


REFERENCES 


1. See ASTM Standards for the year and designation number indicated in the table. 

2. Bogue, R. H., “Calculation of Compounds in Portland Cement,” Ind. and Eng. 
Chem. (Anal. Ed.), V. 1, p. 92, 1929. 

3. Lerch, William, “The Influence of Gypsum on the Hydration and Properties of 
Portland Cement Pastes,’”’ Proceedings, ASTM, V. 46, p. 1252, 1946. 

4. Board of Water Supply, City of New York, Specifications for Portland Cement, 
1937. 

5. Lerch, William, ‘An Explanation of the Titration Values Obtained in the Sugar- 
Solubility Test,’”’” ASTM Bulletin, March, 1947. 

6. Paul, Ira, Proceedings, Association of Highway Officials of the North Atlantic 
States, 1936, p. 140. 

7. Paul, Ira, Proceedings, Association of Highway Officials of the North Atlantic 
States, 1937, p. 79. 

8. Paul, Ira, Proceedings, Association of Highway Officials of the North Atlantic 
States, 1940, p. 126. 

9. Miller, Dalton G., and Snyder, Charles G., “Report on Comparative Short-Time 
Tests for Sulfate Resistance of 121 Commercial Cements,” Proceedings, ASTM, V. 45, 
p. 165, 1945. 

10. Stanton, Thomas E., “Expansion of Concrete Through Reactions between 
Cement and Aggregate,”’ Proceedings, ASCE, V. 66, p. 1781, 1940. 

11. Powers, T. C., and Brownyard, T. L., “Studies of the Physical Properties of 
Hardened Portland Cement Pastes,’’ Part 1, ACI Journat, Oct. 1946 Proceedings, V. 
43, p. 101. 











some ae 


- aw 


es 


= 


ore 


ee 
’ = + 


tk RU 
: 
oe 


“1° 


oe Cage YO 
7 


—- 9 


ie 


ee, 


7 ee 


er 


' 


758 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


April 1948 


TABLE 3-1—CHEMICAL COMPOSITION OF COMPOSITE CLINKER SAMPLES 
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Type lll cements 














51K2 


25.0 | 3.6 | 3.2 


MgO* | SOs | 
} loss 

Type I cements 
# cs soars > ee 
a7 0.4 0.4 
3.7 | 0.4 0.5 
3.2 | 0.2 0.3 
3.3 | O01 | 0.2 
i? 0.0 |. 1.2 
2:7 | 0.4 | 0.6 
0.9 0.1 0.3 
2.1 0.5 0.3 
2.1 0.5 | 0.3 
1.1 0.2 0.3 
2.3 0.4 0.4 
2.4 0.4 0.3 


Type II cements 





1.3 0.2 

1.3 0.2 0.4 
3.3 0.1 | 0.3 
0.9 | 0.2 | 0.2 
3.1 | 0.5 1.3 
2.3 0.7 | 0.3 


3.1 

1.9 | 0.3 0.3 
8. MS: LOS 
1.3 0.5 0.6 


SS ee, ee 


Type V cement 


. oe so bat» on 
| 65.4 | 1.8 | 0.2 | 0.5 


‘Ign. | Nax0| KO | Mn203| 





0.4 








Pte 
5 0.1 0.4 
o 0.3 | 0.6 

2.6 | 0.2 | 0.4 

SSG LS etl GS Ge ee 
Type IV cements 


0.5 1.0 | 0.05 


11] 





*Includes Mn203, except 18K2 and 18TK2. 


All tests made in accordance with ASTM C114-42 except as follows: 
SiOz and free CaO, ASTM C114-42T. 





0.05 Nil 
0.05 Tr. 
0.05 rr 
0.03 1.6 


0.03 0.5 
0.08 0.3 
0.07 TY. 
0.07 Nil 

10 Nil 


0.07 0.1 
0.06 Nil 
0.07 0.1 
0.07 0.1 
0.05 Nil 
0.03 1.3 
0.12 1.8 
0.07 2.0 
0.04 Nil 
0.05 Nil 
0.07 0.1 
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TABLE 3-2—CHEMICAL COMPOSITION OF CEMENTS, MAJOR COMPONENTS 
Oxides as determined* Oxides corrected ¢ 
Ce- | percent by weight percent by weight 
ment ; ; + 
No. | SiO, | Al.O; FeO; | CaO |MgO)\ SO; | Ign. SiO, | Al,O; CaO | MgO 
loss | 
I 
Type I cements 
11 20.8 6.1 2.4 63.8 | 3.7 | 1.6 | 1.0 | 20.7 5.6 63.3 | 3.6 
11T 20.8; 6.1 2.3 66.385 3:7 1.15 1.2 | 20.7 5.7 | 63.3 | 3.6 
12 5) 6.3 2.4 63.6 | 3.1 1.6 | 0.6 | 21.4 5.8 | 63.5 | 3.0 
12T 21.6 6.2 2.3 63.7 3.1 1.5 | 0.7 | 21.5 5.7 | 638.6 | 3.0 
13 22.2) 5.1 2.1 65.8 | 1.1 1.6 1.8); 22.2) 4.7 | 6.2 1.0 
14 22.4 5.0 3.0 63.1 | 2.5 Pe 0.9 | 22.1 4.7 62.9 2.4 
15 20.4| 6.1 | 2.5 | 67.0/0.8/1.9/0.9/| 202! 5.4 | 66.6/0.7 
16 | 21.4 5. 3.5 64.6 | 2.1 Ree eae  F gar ® : 63.9 | 1.9 
16T 21.4 5.1 3.4 64.3 | 2.0) 1.8} 1.3 | 21.3 | 4:8 63.6 | 1.9 
17 21.5 5.9 3.1 66.2} 1.1 | 1.7 | 0.9 | 21.4 5.4 | 64.8 | 0.9 
18 21.5 6.4 2.3 64.0 | 2.6 | 1.8} 1.0 | 21.3 6.1 | 63.7 | 2.1 
18T 21.6 6.4 2.2 64.2 | 23:6 )17 | 0.91 218 6.1 63.9 | 2.1 
Type II cements 
21 24.0 4.4 3.2 64.6 | 1.3 1.2) 0.7 | 23.9 4.0 | 64.0; 1.2 
21T 24.1 4.5 3.2 64.5 | 1.3 | 1.3 | 0.6 | 24.0 4.1 63.9 | 1.2 
22 22.5 5.0 3.9 62.8 | 3.2 | 1.4 | 0.6 | 22.4] 4.5 62.7 3.1 
23 21.5 4.9 5.4 | 64.3 0.9 1.5 | 0.7 | 21.4 4.3 63.9 | 0.9 
24 | 20.9 5.1 4.8 61.4 3.1 1.8 | 1.4 | 20.8 4.8 60.5 | 2.8 
25 22.7 4.9 4.9 62.1 2.2; 1.9 | 0.6 | 22.6 4.6 | 61.9 | 2.2 
Type III cements 
31 20.4 | 5.4 2.1 64.7 | 3.3 | 2.2) 1.5) 20.3; §.0 63.3 | 3.2 
33 20.2 5.5 2.5 65.6 | 1.4 2.3 | 1.5 | 20.0 5.2 | 68.8] 1.4 
33T 20.6 5.5 2.4 65.7) 1.58 | 2.2] 1.4.) 20.4 5.1 63.8 | 1.4 
34 | 20.5 4.2 3.3 65.6 | 2.5] 1.7} 1.5 | 20.41 3.9 | 68.3 | 2.3 
I'ype IV cements 
41 | 23.0) 4.9 | 5.0 | 59.6] 3.0| 2.0] 1.3] 22.9| 4.6 | 59.2 | 2.7 
42 | 26.4! 3.0 | 2.7 | 63.1} 1.8] 1.5] 0.9| 26.2 | 2.8 | 62.9| 1.7 
43 o.31 8.31. 446 61.2 | 1.6 | 3.1 }.0:7 1:33.34. 48.4 2a 1.5 
43A 25.3 3.9 | 3.1 | 63.6 1 2:34119' 06812 3.7 | 68.3) 1.0 
hinds | | | | | leet PEE Ve 
Type V cement 
: ; e -—— 
51 24.5 3.5 | 3.3 64.3 | 1.7) 1.4 | 0.8 | 24.4 3.1 63.8 | 1.6 
a All tests made in accordance with ASTM C114-40 except as follows: SiO», ASTM C114-40T. ‘2 
t+ The oxides as determined were corrected for minor constituents as follows: 
SiO by subtracting insoluble residue from the SiOz as determined. 
AlxOs by subtracting P2Os and TiO: from the AlsO; as determined. 
CaO by subtracting free CaO from the CaO as determined. 
MgO by subtracting Mn2O; from the MgO as determined. 
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TABLE 3-3—CHEMICAL COMPOSITION OF CEMENTS, MINOR COMPONENTS 





Cement |——— 
No. 








434A 


51 


N. ats | 


oso Sossoco) 
SEeEVpn) 


NNO 
) CO Go GO 


ooo 
-_—- © 
m bo 


0.21 
0.24 


| 0.59 


0.06 


0.21 


0.23 
0.21 
0.21 

0.28 


0.08 


DH CON | 


0.22 





- 0. 


om pe 





22 | 0.19 | 0.09 


Cc CHCl a 


K.0 | P 205 [a Mn 203 | Ins. 
| res. sol. 
Type I cements 
0.51 | 0.20 | 0.07 | 0.08 | 0.003 
0.51 | 0.21 | 0.09 0.09 0.038 
0.40 0.24 | 0.11 0.11 | 0.001 
0.40 0.24 0.12 0.11 | 0.031 
0.19 | 0.12 | 0.09 | 0.07 | 0.006 
1.30 0.09 | 0.13 | 0.31 0.003 
j | 
0.23 | 0.46 | 0.07 | 0.19 | 0.002 
0.46 O51 |} 0.18 0.07 | 0.001 
0.44 0.11 | 0.14 0.06 0.054 
43 O; iz. 4. 0: 16 0.07 0.000 
0.13 | 0.03 | 0.50 | 0.20 0.006 
0.13 | 0.038 | 0.50 | 0.15 0.048 
Type II cements 
0.40 | 0.18 | 0.09 | 0.09 | 0.002 
0.43 | 0.18 | 0.09 | 0.09 | 0.032 
0.37 | 0.12 | 0.07 | 0.09 0.002 
0.14 | 0.30 | 0.07 | 0.10 0.004 
1.30 | 0.12 0.30 0.06 | 0.004 
0.54 | 0.07 | 0.06 0.09 | 0.002 
Type III cements 
0.22 0.18 | 0.09 0.12 | 0.003 
0.44 | 0.09 0.06 0.24 | 0.004 
0.46 | 0.08 | 0.07 | 0.24 | 0.029 
0.28 | 0.08 | 0.22 4 0.10 | 0.001 
Type IV cements 
,. 30: Ve | 0.32 | 0.10 | 0.017 
0.26 0.05 | 0.17 0.16 0.003 
0.08 0.10 | 0.11 0.02 | 0.002 
0.01 0.10 | 0.11 0.04 | 0.0038 
Type V cement 
0. 


| 0.09 | 0.002 | 


All tests made in accordance with ASTM C114-40, except as follows: 
Free CaO, ASTM C114-40T. 

Na, K2O and CHCl:-soluble, ‘AST M C114-42, 
FeO and TiO2, PCA methods, unpublished. 


C omposition —pere ent by weight 


0. 


0 


0. 
0. 


0. 


0 


0. 


0 
0 
0 


0. 


0 


0. 
0... 
0. 


0 


0.: 
0.: 


0 


0. 


0.! 


n> 


We OO He OO ST 


no—— 
womc 


__ 


~~ be 


or 


Free 
CaO 


| 


FeO 


Nil 
Le. 
Nil 
Nil 
Nil 
Nil 


0.06 
Nil 
Nil 
Nil 
0.21 
0.16 


Nil 
Nil 
Nil 
Nil 


Nil 


Nil 
0.13 
0.17 
Nil 


Tr. 
fis 
Nil 
Nil 


Nil 


TiO» 


0.2 
0 2: 


0 


C4 
0.% 
0.: 


0.: 
0.: 
0.5 
0.: 
0.% 
0.2: 


0.2 
0. 
0.: 


0 
0 


0.: 


0.: 
0. 


bo dO lO bo 


WAIN 


0.25 


0. 
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TABLE 3-4—MINOR OXIDES AND CALCULATED COMPOUND COMPOSITIONS 
OF CEMENTS 


Calculated compounds* From chemical analyses 
percent by weight percent by weight 
Cement 
No. CS CS C3A C,AF | CaSO,| Free | MgO) Na,O K,0 
CaO 


Type I cements 


1] 50.0 22.0 12.1 7.2 2.7 0.4 | 3.7 0.21 0.51 
11T 51.0 21.0 12.2 3 2.6 0.5 | 3.7 0.22 0.51 
12 45.0 | 28.0 12.6 7.3 | 2.7 |0.1/3.1| 0.28 | 0.40 
12T 46.0 | 27.0 | 12.5 7.1 | 2.7 |0.1|3.1| 0.31 | 0.40 
13 50.0 26.0 10.1 6.5 2.8 1.¢ 1.1 0.04 0.19 
14 42.5 32.0 8.2 9.2 2.9 0.2 | 2.5 0.06 1.30 
5 64.5 10.0 12.1 7.5 3.2 0.4 | 0.3 0.08 0.23 
16 53.5 21.0 7.5 10.7 2.9 6.7 12.3 0.23 0.46 
16T 52.5 22.0 7.9 10.4 3.1 0.8 | 2.0 0.23 0.44 
17 52.0 23.0 10.4 9.3 2.9 0.4/1.1 0.08 0.43 
18 14.5 28.0 13.2 6.8 3.1 0.3 | 2.6 0.12 0.13 
IST 14.0 28.5 13.2 6.7 2.9 0.4 | 2.6 0.14 0.13 
Type II cements 
21 10.0 41.0 | 6.4 9.7 2.1 0.7 | 1.3 0.22 0.40 
21T 38.0 | 40.0 6.6 9.7 2.2 |}0.6/ 1.3] 0.21 0.43 
22 | 41.5 33.5 6.6 11.7 2.4 0.1 | 3.2 0.24 0.37 
23 | §1.0 24.0 3.7 16.6 2.6 0.4 | 0.9 0.59 0.14 
24 |} 41.0 29.0 5.4 14.8 3.0 0.9 | 3.1 0.06 1.30 
25 34.0 39.0 4.7 | 14.9 3.2 |0.2/2.2] 0.21 0.54 
Type III cements 
31 56.0 17.0 10.8 6.4 3.8 11.513.3] 0.23 | 0.22 
33 60.0 13.0 10.4 7.7 3.9 11.811.4] 0.21 | 0.44 
33T 57.0 16.0 10.4 7.3 3.7 1.8/1.5 0.21 0.46 
34 64.0 10.5 5.7 10.1 2.9 2.3 | 2.5 0.28 0.28 
Type IV cements 
41 20.0 51.0 4.5 15.2 3 0.4 | 3.0 0.06 1.19 
42 27.0 55.0 3.5 8.2 2.¢ 0.2; 1.8 0.16 0.26 
43 25.0 48.0 6.2 13.8 3.6 0.1 1.6 1.00 0.08 
43A 29.0 52.0 5.3 9.3 3.2 0.4/1.1 0.33 0.01 
Type V cement 
51 41.0 39.0 3.7 , 10.0 2.4 0.5 | 1.7 0 2 


! 


OS 0.2: 


*Corrected for free CaO, not corrected for minor oxides. 
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TABLE 3-5—SPECIFIC GRAVITY, FINENESS AND SPECIFIC SURFACE OF CEMENTS 














Specific gravity 
Cement Kero- | W ent 
No. sene* | 
11 3.150 3.207 
Be 3.152 { 3.210 
12 3.177 | 3.238 
12T 3.181 3.236 
13 3.113 3.153 
14 3.183 3.256 
15 3.122 | 3.168 
16 3.177 3.235 
16T 3.175 | 3.228 
17 3.171 |: 3.236 
18 3.146 | 3.197 
18T 3.158 | 3.202 
21 3. 199 3.229 
21T 3.204 | 3.239 
22 3.214 | 3.275 
23 3.209 3.253 
24 3.174 3.251 
25 3.246 | 3.304 











31 3.135 | 3.210. 
33 3.102 | 3.164 
33T | 3.109 | 3.176 
34 





41 3.222 | 3.207 
42 3.224 | 3.261 
43 3.221 | 3.296 





43A 3. 223 B 3.274 


| 3.210 ‘a 3.253 
* ASTM (77-40. 


t PCA method, emepentahed. 
ASTM C115-41T. 


Lea and Nurse, Soc. Chem. Ind. Journal, V. 


3.156 | 3.202 | 


Fi ineness 


~ 100 | — 200* | — 325¢ | 


5 ae 


eda I cements 


99.3 | 95.9 
| 99.7 | 97.7 
| 100.0 | 97.7 
| 100.0 | 97.9 
99.4 | 94.5 
| 99.7 | 97.7 
| 99.5 | 97.0 
| 99.8 | 98.8 
99.8 | 97.0 
98.9 | 93.1 
99.7 | 96.8 
99.1 | 97.2 


99.8 | 97.9 
| 100.0 98.6 
| 100.0 | 97.9 
99.9 | 99.1 
| 99.7 | 97.2 
99.9 | 96.1 


Type III cements 


/ 100.0 | 100.0 
| 99.9 | 99.6 
| 99.9 | 99.7 
| 99.9% | 99.6 


Type IV cements 
“99. 5 96. 5 
99.2 | 97.8 
100.0 | 98.9 
99.9 | 99.2 


Type V cement 


100.0 | 99.6 | 


|. 


92. 
89. 
89. 
82. 
92. 


92. 
91.§ 
91. 


91. 
93. 


92. 
93. 


89 


96. § 
90. 
89. 


99. 
98. 
99. 
98. 


89. 
94. 
94. 

94. 


58, No. 9, p. 277, 1939. 


ees 


wRO 


oe 


98. 


o> 00 G1 00 


~ Ww 


~ 
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~ 
_ 
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> Or 


Specific surface 


1820 


2010 
1815 
1790 
1665 
1880 


1845 
1785 
1680 
1770 
1750 
1960 


1630 
1750 
1775 
1875 
1925 
1825 


. 2795 


2530 
2510 
2465 


1915 
1920 
1965 
1915 


2025 


ASTMt | Air perme- 
ability § 


3436 
3640 
3276 
3152 
3428 
3424 


3229 
3261 
3114 
3985 
3268 
3756 


2891 
2983 
3065 
3109 
3697 
3287 


5795 
5272 
5169 
4969 


3679 
3501 
3846 
3633 


3483 











ES REET 








ment; +60 
No. | 


11 11.6 
11T 7.2 
12 10.5 
12T | 10.2 
13 17.4 
14 7.7 
15 7.6 
16 8.1 
16T 8.5 
17 14.‘ 
18 9.0 
18T 6.7 
Av. | 10.0 
“21 t 5.0 
21T 6.6 
22 10.7 
23 3.1 
24 9.3 
25 10.2 
Av. 8.0 
3l 0.3 
33 1.3 
33T 0.6 
34 1.3 
Av. 0.9 
41 10.5 
42 5.4 
43 5.4 
43A 5.6 








51 2.0 


*ASTM 
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TABLE 3-6—PARTICLE SIZE DISTRIBUTION OF CEMENTS 


2bhoONIO Cr 


NNN 


= homme tS | 


Hm Co DO eH DO bo 


bo Go OO LO 


0. 


24 
Ol 


59 


88 


59 


16 


8O 


Values are percentages for each size range. 
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Co Be NS Co 


EN 


Ol FWONWAOwWH 


moe | 


| Soe 


65 





Size range—microns 


45 40-— 35- 30. 25 20 15 
40 35 30 25 20 15 10 


Type I cements 


.65 | 6.62 | 7.13 


24 | 3 : 7.99) 9.09) 8.80 
4.18 | 4.69 | 7.05 | 7.30 | 8.20) 9.75)11.05 
4.89 | 5.25 | 6.62 | 6.80 | 8.02) 9.50) 7.93 
3.51 5.09 | 7.23 | 6.87 | 8.51) 9.29] 8.79 
4.04 | 3.54 | 5.61 4.89 | 6.59) 7.70)10.24 
4.956 | 4.40 | 5.91 | 7.05 | 8.32) 9.24/11.07 
4.86 3.82 8.29 6.52 8.35)10.32)13.05 
4.53 §.35 7.02 7.65 9 .86,10.06) 9.51 
5.95 | 6.02 | 6.23 | 8.14 | 9.10)10.63) 9.00 

5 5 4.82 | 6.40 8.21) 8.79) 8.57 


15 ' 
70 6.36 7.03 8 .08/10.14)10.38 
81 | 7.52 | 6.51 | 8.47/10.23) 8.73 


.79 | 6.61 | 6.86 | 8.31) 9.56 


Type IT cements 


80} 9.89) 9.70 


4.59 | 6.37 7.31 7.8219 ‘ 

4.37 | 6.39 7.12 8.27 9 .52)10.87,10.21 
4.85 | 5.71 5.66 | 7.38 | 8.90) 9.18) 8.83 
3.25 | 5.64 | 7.03 | 9.40 |12.46/12.67/11.46 
4.17 | 4.22 | 6.56 | 6.96 | 8.76) 9.26) 9.25 
4.45 6.51 ».49 7.03 8.51) 8.91) 8.24 
4.28 | 5.81 | 6.53 | 7.81 9.66)10.13) 9.62 


| 


66 | 3.04 5.67 | 8.41)10.48 


1.02 | 2.6 s 12.04 
2.09 | 3.45 | 4.61 | 6.30 | 7.79) 9.85/11. 26 
1.68 | 4.39 3.10 | 6.70 | 8.09/10.28)12. 2: 
0.78 3.57 ».43 | 6.91 |10.02)11.41}11.5 

1.39 3.52 4.05 6.40 8.58/10.51)}11 


Type IV cements 


8.57) 8.87 


3.68 9.12 | 5.91 7.32 : 8.18 
».30 | 4.04 | 7.21 | 8.14 |10.63)10.99| 9.50 
».33 | 4.93 | 7.44 | 7.95 | 9.46/11.08| 7.94 
4.81 | 5.31 | 5.93 | 7.63 | 9.55/10.06| 8.89 
4.78 4.85 | 6.62 | 7.76 | 9.55/10.25| 8.63 


4.59 | 5.64 | 7.18 | 8.10 |10.99/12.40) 9.34 


——— SU Ee ee a ee 


10 
7.5 
4.45 
3.67 
4.58 
4.38 
4.42 
5.19 
6.22 
4.82 
4.54 
4.03 
4.75 
4.82 


| >No > 
ww 
bo 


5.17 


6.23 


4.07 
5.00 
4.86 
4.60 
4.63 


o.44) 





128. 
-26|} 1920 
.84) 1915 
.97| 1965 


27 


28 


28. 


29. 
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—_ Spec 
7.5-| surf.* 
0 | cm? g 
26.74) 1820 

30.19) 2010 
26.82) 1815 
25.94} 1790 
24.49) 1665 
26.83) 1880 
25.48) 1845 
24.71) 1785 
23.06! 1680 
26.13) 177 

24.50) 1750 
20.79) 1960 
26.14) 1814 
21.91) 1630 
23.82) 1750 
25.50) 1775 
24.82) 1875 
27.30! 1925 
26.66) 1825 
25.00) 1797 
45.04) 2795 


52| 1915 


15} 1929 
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TABLE 3-7—NORMAL CONSISTENCY, TIME OF SETTING, AND 

















Normal 
Cement | consistency* 

No. ce 

11 23.0 
11T 23.5 
12 26.0 
12T 23.5 
13 23.5 
14 25.0 
15 24.5 
16 23.0 
16T 23.0 
17 23.0 
18 24.0 
18T 25.0 
21 23.0 
21T 23.5 
22 22.5 
23 24.0 
24 24.0 
25 23.0 
31 27.5 
33 26.5 
33T 26.0 
34 26.5 
41 22.5 
42 24.0 
43 25.0 
438A 25.0 








51 | 24.0 


* ASTM C77-40. 
t ASTM C151-40T. 


| 
| 
| 
| 
| 
| 


mo 


EXPANSIONS IN AUTOCLAVE TEST 


Time of setting* 


Vicat 


Gillmore 
a Ly eke aaa Pa [ Y i 
Initial | Final Initial Final 
h.m | h.m. h.m. h.m. 
Type I cements 
2:40 5:40 3:30 5:40 
2:35 5:30 3:40 5:30 
3:50 6:30 4:45 6:30 
3:30 6:20 4:40 6:20 
2:20 4:35 | 3:25 4:35 
2:25 5:40 | 3:05 5:40 
3:40 6:20 4:40 6:30 
3:25 6:30 | 4:25 6:30 
3:40 | 6:40 | 4:40 6:40 
2:45 | 6550 | 3:50 5:50 
2:05 §:55 | 3:20 5:55 
2:25 §:15 3:30 5:15 
Type II cements 
4:10 | 7:05 5:20 7:05 
4:10 | 6:55 5:20 6:55 
3:50 6:40 | 5:05 6:40 
3:30 | 6:10 | 4:15 6:10 
305 | 6:25 4:10: | ‘635 
3:15 6:40 | 4:05 | 6:40 
Type III cements 
1:15 | 3:50 | 2:20 3:50 
1:45 amo 6} 30 |. «488 
1:30 | 4:45 | 2:35 4:45 
2:00 | §20. | -335 5:20 
SS oe = i - 
Type IV cements 
herent ; 
350 | 7:25 600 | 7:25 
5:20 | 8:20 6:30 8:20 
3:25 | 7:30 4:45 7:30 
4:10 | 7:05 5:15 7:05 
Type V cement 
5:15 8:20 6m). | 82d 


sta s 


Pat 
test 


es Ss | —- 7 oe aoe 2. = = =: 


ok 


Expansion 
1 cycle 
autoclave 
test, 
percent T 


.018 
.017 
.091 
.008 
.112 
.060 


.107 
.216 
. 160 
.023 


.092 
.007 
.021 
.001 


— .019 
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TABLE 3-8—TENSILE STRENGTH OF 1-3 STANDARD OTTAWA SAND BRIQUETS 


Fach value is the average of three specimens. 





Cement 
No. 


21 
21T 


25 


41 
42 
43 
43A 


51 


' 


Ida 


230 
195 
90 
95 
170 
145 


195 
215 
206 
215 
12( 
20 


380 
390 
310 
315 


110 

105 
75 

10¢ 


120 


* ASTM C77-40. 


Tensile strength, 1:3 mortar briquets*, psi 
] 








3da 7da 28da | 3mo | _iyr 5yr 
Ra As S : a — RL A eee SES RE 
Type I cements 
325 490 545 535 495 475 
355 455 510 | 525 475 460 
255 435 530 545 490 449 
| 230 430 505 55 490 460 
| 340 430 | 475 505 530 515 
| 350 | 470 525 | 525 | 485 465 
| 
a eee ee 600 | 540 525 485 
| 390 470 | 525 | 520 535 475 
| 340 430 475 | 500 510 5 
395 510 | 560 | 585 | 530 505 
| 360 | 440 | 520 560 525 | 470 
| 280 | 390 490 | 535 | 465 | 390. 
Type ITI cements 
| 280 400 | 495 | 540 570 | 530 
| 240 | 355 465 | 555 | 570 555 
280 | 405 520 545 | 550 520 
a, Ae Ge. 565 | 580 | 580 555 
| 345 420 525 515 505 460 
| 255 | 345 515 535 | 525 | 500 
Type III cements 
535 | 560 630 | 595 540 | 540 
530 580 595 | 600 545 | 535 
460 530 | 565 505 | 490 | 425 
480 | 520 585 560 520 | 520 
Type IV cements 
215 | 280 | 475 | 580 | 545 | 470 
210 270 425 | 555 585 575 
185 310 440 | 580 565 500 
215 290 440 540 580 | 535 
Type V cement 
300 400 485 605 590 535 
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TABLE 3-9—TENSILE STRENGTHS OF NEAT CEMENT BRIQUETS 
Values are averages of 3 specimens. 

Tensile strength, psi 
Cement ) ES Dhara ae 
vo. lda | 3da | 7da | 28da | 3mo | 6mo | tyr 5yr 
Type I cements 
| | ie ee cea 
11 700 940 1085 | 1015 835 815 | 910 730 
11T 560 750 960 790 850 755 690 645 
12 375 680 925 825 835 810 865 735 
12T 345 775 905 745 750 705 785 725 
13 435 590 840 945 945 910 855 750 
14 410 720 760 715 675 | 695 675 585 
15 505 910 1030 | 1010 850 895 660 595 
16 555 945 1000 800 750 790 835 785 
16T 490 730 785 835 815 | 790 810 675 
17 470 805 930 960 980 | 940 805 830 
18 385 700 850 875 845 | 690 735 690 
18T 180 605 740 765 705 | 650 705 670 
Type II cements 
21 355 | 675 s25 | 785 | 805 | 850 | 725 | 770. 
21T 315 545 785 745 805 795 720 745 
22 375 655 895 800 930 915 885 830 
23 420 765 810 715 875 905 685 680 
24 470 860 840 650 770 845 705 635 
25 535 760 770 790 850 805 735 785 
Type III cements 
31 565 | 875 | 1040 | 830 | 875 | 760 | 775 | 605. 
33 635 890 955 920 960 790 | 765 | 575 
33T 315 880 840 785 665 710 710 545 
34 450 815 945 | - 790 | 860 690 | 620 | 535 
Type IV cements 
4 435 | 535 | 560 | 695 | 805 | 820 | 830 | 810 
42 310 465 510 720 | 855 840 | 730 | 735 
43 255 435 450 590 670 655 | 740 665 
43A 340 435 500 725 815 | 680 | 810 790 
Type V cement 
51 | 360 | 670 605 | 860 | 815 | 





775 «| «795 | 755 
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TABLE 3-10—COMPRESSIVE STRENGTH OF 1:92.77 GRADED 
OTTAWA SAND MORTAR CUBES 
Each value is the average of three specimens. 
| Compressive strength of 1:2.77 mortar cubes*, psi 
Cement |————— —)— -|————— — —+——_——_ 
No. Ida 3da 7da 28da 3mo | lyr | Syr 
Type I cements 
>a 640 | 1790 | 3240 | 5190 | 5510 | 5340 | 4230 
11T 620 1360 2670 4250 4620 4580 | 4240 
12 250 1160 2510 4700 5420 | 5140 | 5020 
12T 250 | 1010 2240 4020 4930 | 4920 | 4690 
13 640 | 1380 2100 4000 4540 5370 5330 
14 | 460 | 1720 | 2950 | 4780 4850 | 5270 | 5090 
| 
15 690 2700 4380 5860 6010 | 5530 5170 
16 | 720 1770 2850 4410 | 4740 | 5440 | 5410 
16T | 560 1370 2370 =| 3250 | 4110 | 4250 | 4350 
17 |  §30 1550 2860 | 4810 5610 | 5210 | 5090 
18 290 1440 2660 4560 5550 5300 | 5270. 
18T 30 1040 2150 3790 4170 | 4200 | 4350 
Type II cements 
21 ~—-«||-—-320—«|:«1200 «| «2210 ~«| «3860 | 5420 | 6400 | 6620 
21T 220 880 1640 3040 4700 5400 5290 
22 270 940 1840 4200 5620 | 5710 | 5840 
23 450 1570 2510 4150 | 5240 | 5880 | 5790 
24 600 1240 2050 3220 4170 4020 4690 
25 420 950 1560 | 3210 5020 5590 5520 
Type III cements 
31 1700 3740 5760 | 7000 7000 | 6810 | 6520 
33 | 1290 | 3800 5260 5910 6110 | 5970 | 5230 
33T 1080 3110 4180 4980 5300 4910 | 4630 
34 1380 2830 4290 5840 5990 6120 | 6020 
Type IV cements 
41 — 320 ; 710 970 2250 4620 5580 5440 
42 | 310 760 1000 2290 5400 =| 6600 7070 
43 200 610 1060 2910 4840 | 5360 5420 
43A 320 670 970 2590 5580 | 6380 ‘6510 
Type V cement 
———- pen : , 
St | 400 | 1240 | 1780 | 3010 | 5550 | 6460 | 6880 











* ASTM C109-37T. 
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TABLE 3-11—AVERAGE ee Be Ra DIFFERENT TYPES OF PORTLAND 





A—Average tensile strength of 1:3 standard sand briquets (data from Table 3-8). 





Tensile strength at age indicated, psi 





Cement No. of cements |———_.———_.—_—_ 
type included in av. Ilda | 3da | 7da 
I 8 172 | 364 | 476 
IA (T) 4 128 301 426 
II 5 146 303 411 
IIA (T) 1 85 240 355 
III 3 362 515 553 
IIIA (T) 1 310 | 460) 530 
IV 4 98 | 206 288 
V 1 120 | 300; 400 























28da 3mo | 
535 539 
495 527 
524 543 
465 555 
| 603 | 585 
565 505 
445 564 


1 





lyr 


514 
485 


546 
570 


535 | 
490 





569 


| 
590 | 


B—Average tensile strengths of neat cement briquets (data from Table 3-9). 

















Tensile strength at age indicated, psi 
Cement No. of cements |———;——— — —;———- 
type included in av. | Ilda | 3da | 7da 28da_ 3mo | 6mo | lyr 
I 8 479 | 786 | 928 | 893 | 839 r 818 | 793 | 
IA (T) 4 394 | 715 | 848 | 784 | 780 725 | 748 
II 5 431 | 743 | 828 | 748°| 846 | 864 | 747 
ITA (T) 1 315 | 545 | 785 | 745 | 805 | 795 | 720 
III 3 550 | 860 | 980 | 847 | 898 | 747 | 720 
IIIA (T) 1 315 | 880 | 840 | 785 | 665 | 710 | 710 
IV 4 335 | 468 | 505 | 683 | 786 | 749 | 778 
V 1 360 | 670 | 605 | 860 815 mc 
































| 
| 
| 
| 
' 


a 


5yr 

479 
452 
513 


009 


532 
425 


520 
535 


byt 


713 
679 


740 
745 


572 
545 


750 


795 | 755 


C—aAverage compressive strengths of 1:2.77 graded Ottawa sand mortar cubes (data 

















from Table 3-10). 
. Compressive strength at age indicated, psi 
Cement No. of cements |———————_|—- Hy - 
type included in av. Ilda | 3da 7da 28da | 3mo ; lyr | 5yr 
I 8 528 | 1689 | 2944 | 4789 | 5279 | 5325 | 5076 
IA (T) 4 365 | 1195 | 2358 | 3828 | 4458 | 4488 | 4408 
| | 
II 5 412 | 1180 | 2034 | 3728 | 5094 | 5520 | 5692 
IIA (T) 220 | 880 | 1640 | 3040 | 4700 | 5400 | 5290 
| 
Ill 3 1457 | 3457 | 5103 | 6250 | 6367 | 6300 | 5923 
IIIA (T) 1 1080 | 3110 | 4180 | 4980 | 5300 4910 | 4630 
IV 4 288 | 688 | 1000 | 2510 | 5110 | 5980 | 6110 
Vv 1 400 1240 1780 | 3010 | 5550 6460 | 6880 
Se Ee ELE, SS Seon’ os, ff SS — 
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TABLE. 3-13—EFFECT OF TEMPERATURE ON THE HEAT OF HYDRATION BY 
THE CONDUCTION CALORIMETER METHOD, UP TO 72 HOURS 


Neat pastes: W/C = 40 percent by weight. 

























































































Heat of hydration—cal per g for period indicated 
Temp. of Minutes Hours 
air and f a 
bath, F | 5 | 10 | 30 1 | 4 | 8 | 12 | 24 | 48 | 72 
Cement No. 11 
40 2.4 2.9 3.5 3.9 5.1] 6.9 | 9.2 | 18.1 | 30.7 | 36.2 
75 3.2 3.5 4.0 4.7 | 10.4 | 26.7 321 | 43.6 | 59.9 | 70.9 
90 3.0 3.4 3.9 4.6 | 18.7 | 34.0 | 42.2 | 58.6 | 73.7 | 80.9 
105 3.3 3.6 4.1 5.1 | 27.9 | 44.6 | 53.2 | 65.1 | 75.3 | 79.6 
Cement No. 11T 
40 3.0 | 3.5 | 42 | 46 | 5.8 | 7.5 | 9.6 | 18.4 | 31.4 | 38.6— 
75 4.1 4.4 4.9 5.5 9.4 | 22.8 | 28.7 | 40.0 | 59.4 | 71.8 
90 3.3 3.6 3.9 4.5 | 16.4 | 29.5 | 37.7 | 56.5 | 74.2 | 81.9 
105 3.7 4.0 4.5 5.4 | 24.5 | 47.2 | 58.4 | 71.2 | 80.7 | 84.5 
Cement No. 12 
40 2.5 3.0 4.2 4.7 7.1 | 8.9 | 10.5 | 16.3 | 27.5 | 33.7 
75 3.8 4.4 4.9 5.6 9.0 | 20.7 | 26.9 | 39.6 | 55.5 | 68.3 
90 4.1 4.6 5.0 5.5 | 11.9 | 27.3 | 34.0 | 47.6 | 64.4 | 73.0 
105 4.2 4.8 5.1 5.9 | 19.2 | 36.1 | 46.1 | 61.8 | 75.9 | 83.1 
Cement No. 12T 
40 2.4 | 28 | 3.8 | 4.3 | 66] 8.4] 9.8 | 15.6 | 26.7 | 33.7 
75 3.8 4.1 4.9 5.6 9.1 | 20.2 | 26.7 | 38.0 | 52.7 | 64.0 
90 a2 4.3 4.9 5.6 | 11.8 | 26.6 | 34.0.) 49.3 | 66.8 | 76.7 
105 4.0 4.5 5.2 6.0 | 19.4 | 36.0 | 45.6 | 61.3 | 76.5 | 83.8. 
Cement No. 13 
40 1.6 3.1 3.0 3.4 4.9| 7.2 | 9.9 | 18.4 | 30.2 | 37.9. 
75 2.5 2.8 3.4 4.1 | 12.8 | 24.5 | 30.6 | 40.1 | 49.0 | 56.2 
90 2.3 2.5 2.9 4.0 | 18.4 | 29.7 | 34.1 | 42.0 | 51.3 | 58.7 
105 2.4 2.6 3.4 5.1 | 27.2 | 34.3 | 38.3 | 46.3 | 55.8 | 61.9 
Cement No. 14 
40 2.7 3.5 4.3 4.9 6.9 | 9.9 | 12.6 | 21.3 | 35.0 | 43.0 
75 4.4 4.8 5.4 6.5 | 14.6 | 27.7 | 35.3 | 48.7 | 64.5 | 72.8 
9 | 48 | 51 | 55 | 65 | 222 | 36.4 | 43.9 | 57.8 | 67.8 | 72.6 
105 4.7 5.0 5.5 6.6 | 28.0 | 45.1 | 51.4 | 59.4 | 65.2 | 69.2 
Cement No. 15 
40 2.2 2.8 3.7 4.1 6.0 | 8.1 | 10.2 | 19.8 | 34.6 | 40.9 
75 3.6 3.8 4.0 4.4 8.8 | 25.3 | 45.0 | 56.7 | 69.5 | 76.4 
90 3.5 3.7 4.0 4.5 | 15.8 | 46.0 | 52.7 | 64.5 | 75.5 | 81.7 
105 3.7 3.9 4.2 4.9 | 32.5 | 47.5 | 54.9 | 66.9 | 78.5 | 87.4 
Cement No. 16 
40 2.0 nt i ae 4.2 5.9 | 8.2 | 10.8 | 20.3 | 32.7 | 38.2 
75 3.0 3.3 3.7 4.0 8.9 | 25.0 | 34.2 | 42.7 |-54.2 | 62.6 
90 2.7 3.0 3.1 3.8 | 13.5 | 32.9 | 38.0 | 47.4 | 59.5 | 66.8 
105 2.8 3.1 3.5 4.1 | 28.2 | 42.9 | 49.1 | 60.1 | 82.4 | 88.6 
Cement No. 16T 
40 1.9 2.5 3.5 3.9 5.7 | 8.2 | 10.7 | 18.5 | 31.5 | 38.1 
75 3.1 3.4 3.8 4.1 7.7 | 23.0 | 34.5 | 43.9 | 55.5 | 64.1 
90 3.0 3.1 3.1 3.4 | 11.0 | 34.1 | 40.0 | 48.8 | 61.4 | 69.2 
105 3.2 3.4 3.7 4.3 | 25.9 | 44.5 | 51.2 | 62.7 | 75.8 | 83.1 





























(Continued on p. 771) 
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Heat of hydration—cal per g x for ‘period. indic ated 


28.% 
| 66 
71. 
| 80.7 


26. 


54 


60. 


68 


16! 


| 13. 
30.6 
30.4 
34 


Temp. of Hours 
air and — ———— ;-— - | 
batli, F| 5 r 10 | xo | 1 [4 [8 | 2 
ET: OE hs CS PR, ES ak Aas vm 
‘Cement No. 31 
40 5 5.0 | 5.9 | 10.3 | 14.9 | 18.1 
75 6 6.7 | 8.2 | 25.8 | 43.1 | 47.4 
90 5 3.5 8. | 37.6 | 49.9 | 56. 
105 7 7.2 | 10.4 | 45.5 | 60.1 | 68.0. 
Ce ment No. 33 
40 2.3 6 | 6.2 | 8.8 | 13.7 | 17. 
75 4.4 3 6.4 225 5 | 44.5 | 52. 
90 4.5 4 6.9 | 32.8 | 51.5 | 57.6 | 
105 5.0 8 | 7.0 | 46.8 | 61.9 | 69. 
Cement No. 33T 
40 2.8 5 | 5.1 | 8.6 | 13.2 | 17.0 
75 4.5 5 6.7 | 24.0 | 48.1 | 54.9 
90 | 4.4 3 | 7.0 | 33.4 | 52.1 | 58. 
105 4.9 6 7.7 | 46.9 | 62.4 | 70. 
_Cement No. 34 
40 1.8 4.3 5.3 | 8.6 | 12.0 | 15. 
75 4.4 7 | 67 | 19.8 | 39.4 | 45. 
90 4.4 4.9 6.1 | 30.6 | 44.3 | 49. 
105 4.8 5.3 | 6.3 | 34.8 | 47.6 | 55.( 
Cement No. 41 
40 9 3.6 | 4.4 | 5.8] 8.6 | 10 
75 4 4.4 5.0 | 9.1 | 20.7 | 26 
90 3 3.6 4.0 | 13.5 | 25.5 | 29 
105 3% 1.4.5 | 5.1 | 20.7 | 29.4 | 34 
Cement No. 42 
40 1. 2.9 | 3.3 | 4.4] 63) 83 
75 2. 3.1 3.4 | 5.1 | 12.9 | 21.2 
90 2. "3.3 2.5 | 5.5 | 18.2 | 24.5 
105 2. 3.2 3.3 | 7.9 | 23.5 | 27.4. 
Cement No. 43 
40 a oo | 8.6 | 10.2 | 11.7 
75 6 6.1 | 10.6 | 20.3 | 24.5 
90 1 5.7 | 15.5 | 25.4 | 29.6 
105 4 | 6.1 | 22.1 | 32.4 | 39.7 
Cement No. 43A 
40 2.9 0 | 4.6 | Ae 8 | 9.7 ) i 
75 3.7 1 | 49 3 | 20.4 | 26 
90 3.2 : 4.0 48 | 24.8 | 28 
105 3.5 6 | 4.8 | 20.7 | 28.4 | 31 
Cement No. 51 
40 1.7 | 3.0 | 3.6 | 6.0| 8.0) 10. 
75 3.2 3.7 4.1 7 | 20.6 | 27. 
90 2.4 2.4 2.9 | 10.1 | 23.3 | 29 
105 2.7 1 29 | 3.3 | 15.1 | 29.2 | 34 
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83 
90 


97. 


49. 


| 86 


44.3 | 54 
67.0 | 75 
| 71.8 | 75 
79.0 | 85 
23 9 | 26 
44.0 | 46 
| 48.3 | 51 
20.3 | 24. 
37.2 | 41 
36.8 | 40.§ 
41.4 | 46.; 
| 23.5 | 2 
43.3 | 5 
| 50.415 
§2.6 | 5 
| 21.4 | 24 
38.9 | 43 
38.5 | 41 
| 45.0 | 51 
| 25.9 | 31 
45.9 | 50 
46.0 | 51 
53.6 | 61 
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TABLE 3-14—HEAT OF HYDRATION OF NEAT CEMENT PASTES BY THE HEAT h 
OF SOLUTION METHOD , 
W/C = 40 percent by weight. E 
| Pastes cured at 70 F Mass-cured pastes t 
Sis ; pelted wy f 
Ce- | Heat of hydration * Heat of hydration* ' 
ment | cal per g cement | cal per g cement , 
No. | —s enemas > apa 
3da | 7da | 28da | 3mo | lyr | 3da | 7da | 28da | 3mo | lyr { 
|__ — | - |—_——-— } 
Type I cements y 
l PETITE PERRO ES SG Oe Ee OS wre a = Rica ey 
11 | 62.5 81.0 | 94.2 | 104.4 | 110.1 | 81.3 | 91.6 98.3 | 102.1 | 104.2 4 
11T | 65.6 | 88.5 | 100.5 | 106.1 111.3 | 84.3 93.0 | 101.1 | 101.1 | 109.1 
12 57.7 | 83.2 | 99.7 | 107.2 | 114.6 | 79.2 | 93.9 | 100.1 | 101.3 | 107.2 4 
12T | 55.2 | 78.4 98.4 | 109.4 | 111.6 | 78.5 | 90.6 | 97.6 | 98.9 | 107.8 bi 
13 50.6 | 64.3 83.4 96.6 | 103.6 | 60.0 | 75.9 | D.D 89.1 96.1 ; 
14 63.8 | 78.0 86.2 95.4 98.4 | 73.3 | 79.6 | 85.3 86.4 94.1 
15 71.3 | 87.5 | 108.2 | 114.3 | 117.8 | 87.7 | 102.6 | 109.4 | 111.6 | 120.1 4 
16 60.2 | 79.3 91.3 98.0 | 104.2 | 72.6 | 80.4 87.5) 90.6 | 104.8 
16T | 58.7 | 73.8 | 88.9 | 95.1 | 102.7 | 73.2 | 79.6) 88.8 | 92.8 | 100.0 
17 | 60.8 | 79.2 | 102.0 | 106.4 | 109.4 | 72.6 | 88.4 | 94.5 | 99.5 | 105.6 } 
18 | 60.6 | 81.2 | 99.9 | 107.7 | 110.7 | 75.9 | 89.4 | 99.5 | 102.1 | 108.8 
I8T | 61.1 | 82.2 | 102.3 | 106.9 | 109.8 | 81.9 | 90.6 | 101.9 | 104.3 | 111.0 
| | es a : | * Me ae 
Type IT cements y 
' iad ; = — = 
21 | 45.7 | 61.0) 79.4 | 87.2 | 95.1 | 59.7| 70.0| 80.7| 84.1 | 89.6 ; 
21T | 46.5 | 60.1 | 79.5 | 89.3) 94.0 | 56.9 | 71.2) 80.3) 85.7 | 92.9 
22 | 43.6 | 62.7 | 85.8 | 96.0 | 100.6 | 57.9 | 72.8| 83.8| 88.4] 96.9 
23 «| 46.3 | 54.8 | 82.7 | 91.6 99.0 | 56.2 | 74.4 | 85.3 | 87.8 91.6 " 
24 | 52.1 | 64.9 | 76.8 85.1 93.7 | 61.1 | 68.6 | 76.6 | 82.0 86.3 tf 
25 | 47.0 | 61.1 | 73.4 | 80.8 | 88.5 | 55.4 | 64.2 | 73.7 | 77.4] 87.4 
| \ - \ - | { | = . a ' 
if 
Type III cements i} 
31 | 80.9 | 95.6 | 106.8 | 112.7 | 120.0 | 86.9 | 96.9 | 102.4 | 103.8 | 116.8 
33. | 78.0 | 92.2 | 101.5 | 107.8 | 113.5 | 89.2 | 95.8 | 101.0 | 102.2 | 109.3 i 
33T | 78.0 | 94.5 | 100.7 | 108.6 | 112.8 | 90.3 | 96.3 | 100.8 | 101.7 | 107.6 
34 | 68.8 | 84.0 | 96.6 | 100.0 | 109.0 | 80.5 | 86.6 | 94.8 | 96.2 | 101.8 if 
- \ - | _—. . — — 
' 
Type IV cements 
41 | 44.9 | 52.9| 65.8] 73.6] 78.6/|49.1| 56.0| 65.9| 67.8| 74.4 
42 | 37.1 | 42.0 | 59.3] 71.4 | 79.0 | 44.2 | 51.5 | 67.3 | 72.2] 78.3 fi 
43 | 45.8 | 59.1 | 71.9 | 78.8 82.4 | 52.2 | 61.0 71.9 |: 73.5 83.2 if 
43A | 35.9 | 46.2 | 65.3 | 74.0} 82.5 | 44.3 | 53.5 | 70.6 | 73.71 81.5 i 
| | ey | | _ | _ \ ~ \ - — _ ; 
if 
Type V cement lt 
' 
. ; encibthecntal 
51 | 43.5 | 54.2 | 73.5 | 83.0 | 90.9 | 46.1 | 62.9 | 78.4 | 83.0 | 91.7 f 
a . a . RES sl SS if 
*Federal Spec. SS-C-158a (1941) except results are expressed on dry unignited cement basis. ; 
tSpecimens stored at 70 F for 1 day, at 110 F for 27 days, and those used for tests at 3 months and 1 
year were stored at 70 F from 28 days to time of test. ( 
; 
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TABLE 3-15—AVERAGE HEATS OF HYDRATION OF THE DIFFERENT TYPES 
OF PORTLAND CEMENTS 


Cement 
type 


I and IT 

II and IIT 
ITI and IIT 
IV 
V 


I and IT 
IT and IIT 
Ill and IIT 
IV 
V 
I and IT 
II and IIT 
III and IIT 
IV 
Vv 
I and IT 
II and IIT 
IT and UIT 
IV 
IV 


B—Heat of hydration by heat of solution method (data from 


Cement 
Type 


Land IT 
II and WT 
III and IIT 


IV 











No. of cements 
included in 
average 


12 
6 


a 


~ ie 


No. of cements 
included in 
average 


12 
12 
6 
6 
4 
4 








Temp. of 
air and 
bath, F 


40 
40 
40 
40 


Curing 
condition 


70 F 


Mass 


70 F 


Mass 


70 F 


Mass 


70 F 


Mass 


70 F 


Mass 








th 


gm ge a] or 


ES 





78 de 


~~ S 


Do pV sh » 


A—Heat of hydration at early ages (data from Table 3-13) 


Heat of hydration at age indicated, 





cal per g 














| 4h | Sh 12h | 24h | 48h | 72h 

| | 

2) 6.0} 8.2) 10.4) 18.5) 30.5) 36 
1} 6.1) 7.8) 9.3) 14.9) 24.2) 28 
4, 9.1) 18.5) 17.0) 28.7| 44.1] 52 
5| 6.7| 8.7| 10.6) 15.3) 22.3) 25 
6 6.0} 8.0) 10 0} 15.9) 25.9) 31 

| 
1] 10.2} 24.1] 32.2] 43.7] 58.2] 68 
6| 8.8) 20.2) 26.1] 34.7) 45.9] 53 
0} 23.0) 43.7| 49.9) 60.6) 75.1) 83 
9} 9.0) 18.8) 24.5] 31.9] 40.8) 46 
| 8 q 20.6) 27 37 6) 15.9) 50 
9| 15.6} 32.3) 39.2) 52.3) 66.2) 73 
QO} 12.5) 25 3} 30.7) 39.9) 51.2) 57 
1} 33.6) 49.5) 55.3) 67.8) 80.4) 85 
1} 12.3) 23.5] 28.0) 36.3) 42.4) 45 
9) 10 | 23 4 20.4) 37.7] 46.0) 51 
8) 25.5] 41.2) 49.0] 60.9) 73.3) 80 
4) 18.4| 30.6) 37.1] 47.8) 58.1) 64 
9} 43.5} 58.0) 65.7) 78.1) 87.3) 93 
8| 17 9) 28.4) 33.3) 40.5) 46.8) 51 
3) 15.1] 29.2) 34.3) 43.0) 53.6) 61 
Table 3-14), 
Heat of hydration at age indicated, 
cal, per g 

3da | 7da | 28da 3mo lyr 
60.7 | 79.7 | 96.3 | 103.9 | 108.7 
76.7 | 87.9} 95.8 | 98.3 | 105.7 
46.8|60.8| 79.6] 88.3] 95.2 
57.9 | 70.2] 80.1 | 84.2] 90.8 
75.4 | 91.6 | 101.4 | 107.3 | 113.8 
86.7 | 93.9 | 99.8 | 101.0 | 108.9 
40.9 | 50.1 | 65.6] 74.5 | 80.6 
47.5 | 55.5 68.9 71.8 70.4 
43.5 | 54.7| 73.5 | 88.0] 90.9 
(46.1 | 62.9 | 78.4] 83.0] 91.7 
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TABLE 3-16—ALKALINITY, FREE ALKALI, WATER SOLUBLE ALKALI, FLOC 
SUGAR-SOLUBILITY TESTS OF CEMENTS, AND CLINKER AUTOCLAVE TEST 
Total Sugar value Clinker 
Ce- | alkalies Alkal- Free | Water- | Floc ml 0.5N HCl auto- 
ment | in cement inity | alkali soluble | ignited clave 
No. | ml0.5N | ml0.5N | alkali, | weight,) Phenol- | Clear test, 
Na,O | K,O HCl HCl | percent | percent) phthal- | point | percent 
ein loss 
Type I cements : 
1) | 0.21 | 0.51 | 4.93 6. 26 0.27 0.8 30.3 12.8 1.6 
11T | 0.22 | 0.51 4.98 6.54 0.29 0.6 30.1 12.8 4.9 
12 |0.28/'0.40/) 3.59 | 2.38 | 0.10 | 05 15.0 | 23.0 2.0 
12T | 0.31 | 0.40 3.48 1.98 0.09 0.5 14.7 24.0 0.2 
13 «| 0.04 | 0.19 3.05 0.35 0.02 0.6 43.2 59.8 23.4 
14 0.06 | 1.30 6.45 | 10.43 0.54 0.9 4.2 4.4 12.1 
15 | 0.08 | 0.23 2.99 | 0.32 0.01 2.1 7.1 7.4 0.4 
16 0.23 | 0.46 4.95 6.54 0.28 0.6 29.3 41.9 9-8 
16T | 0.23 | 0.44 5.01 | 6.34 0). 27 0.2 32.7 16.2 7.1 
17 0.08 | 0.438 3.48 1.97 0.09 1.3 6.2 6.7 2.6 
18 | 0.12 | 0.138 3.33 1.41 0.05 0.6 25.6 40.5 4.1 
IsT | 0.14 | 0.18 3.30 1,44 0.06 0.3 31.2 48.3 2.4 
Type IT cements 
21 0.22 | 0.40 3.38 1.58 0.07 0.1 8.0 9.2 10.3 
21T | 0.21 | 0.43 3.58 2.15 0.09 0.1 6.3 l 8.2 
22 0.24 | 0.37 3.28 1.44 0.06 0.2 2.3 2.3 0.3 
23 0.59 | 0.14 3.40 1.63 0.06 0.2 2.6 2.6 6.6 
24 0.06 | 1.30 6.73 11.15 0.75 0.2 5.8 6.4 6.6 
25 0,21 | 0.54 5.77 9 02 0.31 0.2 2.6 2.6 1.2 
Type IIT cements 
31 | 0.23 | 0.22) 3.34 1.82 | 0.07 | 6.7 | 48.9 | 68.0 | 14.8 
33 | 0.21! 0.44 | 4.30 644 | 0.19 | 16.0 | 52.4 | 71.7 | 14.3 
33T | 0.21 | 0.46 4.39 15 0.22 15.6 51.4 71.0 14.3 
34 0.28 | 0.28 3.95 3.72 0.15 2.2 46.1 60.1 1.9 
Type IV cements 
41 0.06 | 1.19 5.70 8.00 0.44 0.2 3.4 3.4 1.5 
42 0.16 | 0.26 3.17 0.72 0.038 0.2 2.1 2.1 ha 
43 1.00 | 0.08 | 5.10 6.82 0.28 0.2 2.9 2.9 3.7 
43A | 0.33 | 0.01 3.14 0.95 0.04 0.1 23.2 31 28.4 
Type V cement 
51 | 0.08 | 0.22 | 3.32 | 1.11 | 0.04 | 0.2 7.5 8.4 8.9 
' \ 
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solution. 


Cement 
No. 


31 
33 
33T 
34 


41 
42 


ABA 


hl 
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TABLE 3-17—SULFATE RESISTANCE TEST (WARPING)* 


Warping and cracking of neat cement slabs suspended in a 10 percent sodium sulfate 


Specimen | 


failed 
at 
28 days 


No 
No 
Yes 
Yes 
No 
No 


No 
No 
No 
No 
Yeu 
Yes 


No 
No 
No 
No 
No 
No 


No 

Yes 
Yeu 
Yes 


No 
No 
No 
No 


No 





| 


Day 
failure 
was 
indicated 


1) 
13 


16 
1 
16 


| 
Ndges 
| 
| 
| 
| 


rounded 


cracked or 


Description at end 
of 28 days 


| 


| Specimen | 
warped 


| 
| 
} 


Type I cements 


Slightly 
Slightly 
Badly 
Badly 
No 
Slightly 


Slightly 
Slightly 
Slightly 
Slightly 
| Badly 
| Badly 





Type II ceme 


INo 
Slightly 
INo 
iNo 

No 
|No 


{ 
lane 
INo 


iNo 

| Badly 

| Badly 

\No 
Slightly 
Slightly 
No 

Slightly 

ISlightly 

| Badly 

| Badly 

nts 

INo 
Slightly 
No 
INo 

\No 
INo 


Type IIL cements 


\Slightly 


| Moderately 
| Moderately 
Moderately 


No 
No 
INo 
|INo 


Type LV cements 


iINo 
INo 
No 
|No 


No 
INo 
INo 
|No 


Type V cement 


|No 
| 


|No 


} 
| Condition of specimen 
at 101 days 


|\Advanced disintegration 
| Progressive warping 
|\Advanced warping 
|Advanced disintegration 
| Normal 

| Progressive warping 

| 

{Crumbled 

Slight warping 

| Mdges rounding 

| Progressive warping 
i\Advanced warping 
|Advanced disintegration 


Slight 
Slight 


warping 
warping 

Slight warping 

Slight warping 
Normal pe cracked 
| Normal 


|Advanced disintegration 
Crumbled 

iCrumbled 

\Mdges badly cracked 


Normal 
| Normal 
Slight warping 
Slight warping 





|Normal 
| 


*Procedure of the New York Board of Water Supply specifications for sulfate resiatance 
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Expansion of 1-6 standard Ottawa sand mortar prisms (1 X 1 X 1114-in.) stored in 


0.15M sodium sulfate solution at 75 F. 


Cement 
No. 


Sanne 
—_ 


15 
16 
16T 
17 
Is 
IST 


31 
33 
33T 
4 


> > > 
xaNw— 


020 
O13 
024 
O10 
O30 
O12 


O13 
Ol4 
006 
028 
O46 
O04 


O02 
OO! 
006 
004 
O06 
O06 


022 
042 
001 
O12 


OLS 
OOS 
Ol4 
O20 


O12 


expansion at period indicated, percent of original, weeks 


3 


308 
222 
000 
301 
240 

146 


524 
280 
O58 
525 
590 


507 


O56 
O1S 

116 
O78 
074 
027 


S38 
585 
141 
S06 


037 
O24 
O78 
O44 


OOo 


4 


Type I cements 


588 
138 


743 
308 


779 


070 
191 
112 


Type II cements 


007 
020 
224 
240 
173 
O43 


Type IIT cements 


316 


Type [IV cements 


O44 
O26 
Od 
0OG7 


Type V cement 


OUS 


8 


88s | 


353 


374 
044 
633 
774 
SOR | 


135 


110 
Ov2 
214 
86 


317 


12 


5Oo 


193 


OS4 


246 


144 
168 
258 
216 


126 


18 


467 


703 
126 


2002 


164 
208 
306 
233 


jt4 


26 


| 
562 


171 


ISS 
226 
340 
241 


56 


344 


190 
232 
380 
248 
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TABLE 3-19—SULFATE RESISTANCE TEST (EXPANSION IN MgSO.) 
Expansion of 1:6 standard Ottawa sand mortar prisms (1 X 1 & 11%4-in.) stored in 
0.15M magnesium sulfate solution at 75 kr 
‘ | 
Expansion at period indicated, percent of original, weeks 
Cement 
No. l ery es 4 a 2. ee 18 26 | 56 
Type I cements 
11 027 316 | .520 
11T O12 060 | .228 | .694 
12 043 618 | | | | 
12T 013. | 095 | .382 | 12 | | 
13 096 | 497 | .617 | | 
14 080 | .442 | .616 | 
15 056 | .502 | | | | 
16 060 | .416 | .563 | | 
16T 005 | .043 | .076 220 356 | .550 662 
17 128 | .642 | | | 
18 072 | .783 | 
18T 008 | .228 | .532 
Type II cements 
21 | os | 196 | 17 301 | .389 511 606 
21T 008 | .022 | °.026 | 032 O61 195 380 679 ' 
22 036 | .204 | .288 | .534 506 
23 038 | .190 282 | .470 | : 
24 024 | 182 254 414 | .522 586 i 
25 013 064 | .086 142 204 204 138 428 
Type III cements ' 
31 056 | .532 | .720 | 
33 032 775 | | 
33 004 047 | 116 | .635 | 
34 O76 | 495 | 597 | 
Type IV cements 
41 | .024 | .096 | .129 | .302 439 | .627 
42 020 | .074 | .108 | .214 332 187 
43 014 | .053 | .070 | 132 226 388 738 ' 
43A 043 | .196 | .284 455 i 
ii ae 
ype V cement ' 
5 o90 | .208 | .357 | .625 | 543 


| 
| 
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TABLE 3-20—SULFATE RESISTANCE TEST (EXPANSION MIXED SOLUTION) 


Expansion of 1:6 standard Ottawa sand mortar prisms (1 X 1 X 11)4-in.) stored in 
0.25M sodium sulfate + 0.25M magnesium sulfate solution at 75 F 


Ixpansion at period indicated, percent of original, weeks 
Cement | f 
No. 1 | 2 | 3 1 s 
Type I cements 


323 1.160 : 











11 
iT 132 408 .768 
12 314 
12T 160 | 908 | - 
13 772 
14 698 
15 676 | _ : 
16 686 : 
16T 163 564 175 618 
17 1.055 
18 692 
IsT 190 | 804 | 
Type II cements 
21 428 916 : 
aT | 040 120 190 =| B10 1.31 
22 316 | 806 | - ; 
23 | 510 982 | 
24 436 874 | 
25 228 493 578 
Type IIT cements 
31 | , | | 
33 1.032 
33T O18 135 388 | 708 : 
34 798 
} 
Type IV cements 
Al 124 231 293 411 
42 O48 102 136 | 222 1.09 | 
43 039 114 192 300 1.26 ' 
43A 266 137 535 560 : 
Type V cement 
; 
51 242 | 170 578 : 
\ | . 








780 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





April 1948 


TABLE 3-21—SULFATE RESISTANCE TEST (STANDARD FOR COMPARISON) 


Expansion of 1:6 standard Ottawa sand mortar prisms (1 X 1 X 1114-in.) stored in 


water at 75 F 



























































Expansion at period indicated, percent of original, weeks 
—— _ ——| 
No. 1 | 2 3 | 4 | s | is | 26 56 
Sa ee ee itieiisiietictiats es = 
Type I cements 
11 —.006 |—.008 |—.003 |—.002 | .001 | .002 | .004 | .002 | .006 
11T 004 |—.006 | .002 | .002 | .007 | .008 | .010 | .008 | .012 
12 —.004 |—.006 | .001 | .002 | .006 | .007 | .005 008 | .010 
12T —.004 |—.010 |—.004 |—.004 | .001 | .002 | .004 | .004 | .006 
13 — 002 |—.010 |—.002 |—.002 | .001 004 | .004 003 006 
14 001 |—.008 |—.002 | .001 | .002 | .003 | .003 | .003 | .006 
| | 
15 010 |—.006 | .001 | .001 | .001 002 | .002 | .002 | .002 
16 006 |—.003 |—.002 | .002 | .005 | .008 | .007 008 | .O10 
16T 006 |—.008 |—.002 |—.002 | .000 | .002 | .002 002 003 
17 002 |—.006 |—.001 | .000 | .002 | .005 | .004 | .006 | ..005 
18 —.004 |—.004 | .002 | .002 | .004 | .004 | .006 | .006 008 
18T — .006 |= -008 | 001 | .001 | .001 | .004 | .004 | .004 005 
— ——— es aan ee = = _ ; 
Type II cements 
isin lente ncameltha : 
21 —.002 |—.005 |—.002 | .004 | .005 | .007 | .008 | .008 | .008 
21T |—.004 |—.007 |—.002 |—.002 | .000 | .003 | .003 | .004 | .004 
22 —.002 |—.004 |—.002 |—.001 | .003 | .006 | .007 | .010 | .012 
23 000 | .004 | .006 | .004 | .010 | .010 | .O11 009 O11 
24 .000 | .002 | .004 | .002 | .008 | .010 | .012 | .012 | .O14 
25 000 | .006 006 | 006 | .011 014° | .015 O15 017 
Type III cements 
31 000 | .003 003 | 002 | .007 | .008 | .008 | .010 O11 
33 002 | .005 | .006 | .004/ .008 | .010 | .010 | .008 010 
33T 000 | .006 | .006 | .004 | .008 009 |» .009 | .008 010 
34 000 | .006 | .006 | .004 | .008 010 012 012 | .012 
Type IV cements 
eee —_ - Eee aed nee —_—s 2 nim — — 
41 000 005 006 | 004 | 010 012 014 O15 O18 
42 —.002 | .004 | .006 | 004 | 010 | .012 | .014 | .O15 018 
43 ‘000 | 004 | 005 | 004 | .005 | .010 | .012 012 013 
43A —.004 | .002 | .003 | .002 | .007 | O11 012 012 014 
Type V cement 
ae RY ee ee pas — pease 
51 002 | 008 | 004 | .004 | .004 | .008 | .009 010 





.010 


—_——— | |__| —_—— | 
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TABLE 3-22—EXPANSION OF NEAT CEMENT PRISMS STORED IN WATER 


Neat cement, 1 X 1 X 11)4-in. prisms, ASTM C151-40T. 
Specimens cured in molds one day, then stored in water Come at 70 + 2F 




















Cement |—————|— 
No. _ Tda | 
11 .001 
11T 017 
12 018 
12T .007 
13 005 
14 010 
15 000 
16 002 
16T 008 
17 015 
18 001 
18T 016 
21 | O11 
21T 013 
22 | 022 | 
23 007 | 
24 013 
25 | 016 
a 
31 009 | 
33 ‘001 | 
33T | .006 
| 003 | 
41 | .O11 | 
42 009 | 
43 .008 | 
43A 007 | 
51 * 010 








Expansion at age indicated, pere ent of length at one day 


14da 


.025 
.029 
.017 
.012 

.036 


017 
.024 


“028 
.024 
.026 





28da q “Qao |. 






























































6mo- [2 2 Moye 5 3l4yr | 5yr 

Type I cements 

| 021 o65 | .083 | .129 | .148 | .163 

042 078 097 "137 148 “160 
040 078 101 152 ‘161 ‘171 
025 061 078 110 123 131 
023 051 063 080 088 088 
046 “089 108 155 173 180 
010 028 036 051 062 060 
‘019 051 061 084 093 099 
.025 Broken : 
022 | .047 059 074 081 085 
020 | .053 068 096 105 “115 
038 072 088 | 113 120 126 

brs II cements 
027 | .047 | .054 | .062 | .067 | .069 
024 | 046 | .054 | 061 070 068 
032 | .065 | .080 | .106 “116 “121 
012 | .031 041 | 049 053 054 
035 073 | .091 | .133 142 148 
031 | ‘061 | 074 | 009 | 1108 | 111 

ae IIT cements 
043 | .o96 | .119 | .175 | .198 | 215 
023 064 | 084 123 “155 165 
031 063 079 107 120 127 
-032 | .070 | 091 “122 137 “144 

Type IV cements 
| 040 | .o77 | .o99 | .131 | .138 | .149 
031 060 069 -080 089 090 
029 056 072 088 “106 110 
030 | .059 071 092 -100 “100 

Type V cement 
066 079 094 095 


| om | 034 | 057 











ir 8 ~ wey ne 
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TABLE 3-23—CONTRACTION OF NEAT CEMENT PRISMS STORED IN AIR 


Neat cement, 1 x 1 x 114%-in prisms, C151-40T, 75 F and 50 percent relative humidity. 








Specimens 1 day in molds, 
then in air at 75 F and 


Specimens | day in molds, 13 days 
in the moist room, then in air at 


70 F and 50 percent relative humidity 


Contraction at age indicated 
percent of length at 14 days 


3mo 











Ce- 5O percent relative humidity 
nent |—————————— 
No. Contraction at age indicated, | 
percent of length at one day \ 
pos alee 
l4da | 3mo | 6mo 2yayr*! byt | 5yr | I4da 
Type I cements 
11 .223 | .281 279 302 281 292 110 
11T | .251 | .318 | .316 344 322 | .347 137 
12 220 | 281 286 | 329 | .320 | 342 5; 
12T . 236 304 310 350 | 340 362 47 
13 146 | .193 194 | .225 | .212 229 2 
14 361 | 451 | 454 | .497 #81 | .506 167 
| 
15 139 | .186 | .187 | .218 | .208 | .226 095 
16 208 282 | .281 326 298 314 138 
16" .183 | .244 244 | .277 259 | .278 | .138 
7 .140 | .185 | .181 204 | .191 207 130 
18 222 | .285 287 322 297 328 167 
18T 279 | .348 | .355 410 104 136 185 
bree | 
Type II cements 
21 .190 250 259 | 301 | 270 | t 150 
21T 211 286 301 364 365 388 184 
22 75 238 247 |. 295 | .256 1 149 
23 145 | 1243 | 1244 | (249 | 1238 | 258 | (125 
24 239 | .340 | .334 | .381 | .359 | .379 178 
25 171 253 | .257 | .290 | .271 285 141 
Type III cements 
31 186 244 239 | .269 | .234 | .251 124 
33 158 225 | .220 | .249 225 239 111 
33T | :166 | .273 | .273 | 1317 | .293 | .315 | .140 
34 . 164 285 287 | .326 | 208 | 315 150 
— - = ' 
Type IV cements 
41 .227 | .300 302 340 325 345 171 
42 165 208 208 | .249 249 | .274 169 
43 .286 | .373 | .376 | .418 | .409 430 206 
43A | .151 201 | .203 | .238 232 | 254 178 
Type V cement 
$1 | .168 | .221 | .227 | .260 259 | .277 127 
= | - | 


EE 





{Specimen broken. 


*Air conditioner off at time of measurement, humidity low. 


24yr* 





6mo 3yr hyr 
165 170 162 166 
202 204 107 200 
214 218 217 221 
207 211 210 214 
1905 201 208 213 
250 256 245 246 
162 172 192 100 
205 211 216 217 
194 201 203 206 
181 189 194 200 
299 236 247 2458 
242 | .245 252 268 

! 
210 | 217 250 224 226 
| .240 247 2s1 253 253 
| 197 201 232 107 20% 
187 197 241 210 219 
| .252 261 204 257 267 
204 212 243 212 217 
182 191 22 187 191 
165 72 205 170 177 
104 200 238 206 212 
| 222 231 27 1 235 237 
236 239 258 226 233 
238 242 267 245 240 
202 | .206 | .326 208 307 
| .250 257 | .287 262 267 
192 202 41 212 217 





are 


sae 


ee 
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TABLE 3-24—ALKALI-REACTIVITY TEST (NON-REACTIVE AGGREGATES) 
MOIST ROOM STORAGE 
Expansion of 1:2 mortar prisms (2 * 2 & 1114-in.) made with Elgin sand. 
Cements arranged in numerical order. 
Specimens stored continuously in the moist room at 70 F. 
—— one . syenoeseesresennsmenasisnehrmetinnfpasntenssesaesatataten 
Ce- Tot. alkalies\ Expansion at age indicated 
ment | Na.0 K.0  \calculated as percent of length at one day 
No. | percent} percent) Na.O, per- ~~ 
| cent* Imo | 38mo | lyr | 2yr | 3yr | 5yr 
“= ao “ inl i | ! j t i “ - 
Type I cements 
: “1 as 
11 | 0.21 0.51 0.55 | .004| .009 .022| .027 | .031 | 040 
LIT | 0:22 0.51 0.56 006 O11 .025 | .029 | .032 040 
12 | 0.28 | 040) 0.54 006 | 010, .020 | .028 | .033 | .040 
12T | 0.31 | 0.40 | 0.57 | .007| .012 | .022 | .027 | 031 | .039 
13 0.04 0.19 | 0.17 _ .005 | .009 017 | .018 021 .027 
14 | 0.06 | 1.30 | 0.92 O10 | .014 | .028 | .028 .034 042 
15 | 0.08 | 0.23 | 0.23 — .003 _— .003 '—~.001 | .003 | .005 .009 
16 | 0.23 | 0.46 | 0.53 006 | .009 O19 .020 025 .029 
16T | 0.23 | 0.44 | 0.52 006 | .009 | .018 | .021 024 .030 
17 | 0.08 0.43 0.36 005 005 | .010 ) .O11 | .O14 .017 
18 | 0.12 | 0.13 0.21 _ 005 008 | .015 | .017 | .021 | .028 
IsT | 0.14 | 0.13 0.23 | 004) 007} 012 | .013 | .016 | .023 
Type II cements 
21 | 0.22 0.40 0.48 005 | .008| .015 | .020 | .021 027 
21T | 0.21 0.43 0.49 = 006 | O11 O16 .O18 .019 | .027 
22 | 0.24 0.37 0.48 | 009 .013 023 | .028 | .032 .039 
23 «|:«0.59 0.14 0.68 | .004 |; .006; .010 |; .013 | .O15 | 021 
244 (0.06 1.30 | 0.92 |; .009 | (014 | 024 .040 | .040 | 049 
25 | 0.21 | 0.54 | 0.57 O10 | .014 .025 | .027 | .031 | .038 
Type III cements 
31 | 0.23 | 0.22 | 0.37 009 | 015 | .030 | .028 | .035 | .042 
33. | 0.21 | 0.44 | 0.50 | .002| .002 | .013| .014 | .020 | .026 
33T | 0.21 | 0.46 | 0.51 | 006 | .008 .018 | .016 | .021 .027 
34 | 0.28 0.28 | 0.46 | 006 | 008 .020 | .023 | 027 .035 
Type IV cements 
: : -| -| = nai 
41 | 0.06 1.19 | 0.84 | 008 | O15 .027 | .034 | .038 .043 
42 | 0.16 | 0.26 | 0.33 | .006 | 009 .022 | .023 | .028 .035 
43 | 1.00 0.08 | 1.05 | .005 | .009 O15 024 | .023 .030 
43A 0.33 0.01 | 0.34 | .007 | 010 | .017 | 022 .025 .031 
stiiin = , , | Sibel 
Type V cement 
51 | 0.08 | 0.22 | 0.22 | 008 009 | 019 | O17 | .023 | .029 
*Total alkalies = percent NaxO + 0.658 & percent K20. 
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TABLE 3-25—ALKALI-REACTIVITY TEST — AGGREGATES) 
MOIST ROOM STORAGE 


Expansion of 1:2 mortar prisms (2 K 2 & 1114-in.) made with Elgin sand. 
Cements arranged in order of decreasing total alkali content. 
Specimens stored continuously in the moist room at 70 F. 





Ce- Tot. alkalies| expansion at age indicated 
ment | Na,O KO \calculated as| percent of length at one day 
No. | percent| percent) Na, per- | 

cent* Imo 3mo lyr | 2yr 3yr 5yr { 
4 1.00 | 0.08 1.05 005 | .009 |} (015 | .024 023 | .030 
14 0.06 | 1.30 0.92 O10 O14 028 028 | .034 | .042 
24 0.06 1.30 0.92 009 014 024 | .040 040 | .049 
41 0.06 1.19 0.84 008 O15 (27 034 O38 | .043 
23 0.59 | 0.14 0.68 004 006 O10 013 O15 | 021 
12T | 0.31 | 0.40 0.57 007 012 022 | .027 031 | 040 
25 0.21 0.54 0.57 O10 O14 025 027 031 038 
11T | 0.22 | 0.51 0.56 006 O11 025 029 032 040 ' 
11 0.21 0.51 0.55 004 009 022 (027 031 040 
12 0.28 | 0.40 0.54 006 010 020 028 033 040 
16 0.23 | 0.46 0.53 006 009 019 | .020 025 020 
16T | 0.23 0.44 0.52 006 009 O18 021 024 030 
33T | 0.21 0.46 0.51 006 008 O18 O16 021 027 
33 0.21 0.44 0.50 002 002 013 O14 020 026 
ai | 0.31 0.43 0.49 006 Oll O16 | O18 O19 027 
21 0.22 | 0.40 0.48 005 008 O15 020 021 027 
22 0.24 | 0.37 0.48 009 013 023 028 032 039 
34 0.28 0). 28 0.46 006 008 020 023 ()27 035 
31 0.23 0). 22 0.37 009 O15 030 028 035 042 
17 0.08 | 0.43 0.36 005 005 O10 | .OlL | (O14 O17 
438A | 0.33 | 0.01 0.34 007 O10 O17 | .022 025 031 
42 0.16 | 0.26 0.33 006 009 022 023 028 035 
15 0.08 | 0,23 0.23 003 003 OO! 003 005 009 
18T | 0.14 0.13 0.23 004 007 012 013 O16 023 
51 0.08 0,22 0.22 008 009 O19 O17 023 020 
18 0.12 | 0.138 0.21 005 008 O15 | .017 021 028 
13 0.04 | 0.19 0.17 005 009 O17 O18 021 027 





























*Total alkalies = percent Na + 0.658 X percent K20. 
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TABLE 3-26—ALKALI-REACTIVITY TEST (NON-REACTIVE AGGREGATES) 
STORED IN COVERED CONTAINERS 


Expansion of 1:2 mortar prisms (2 * 2 & 1114-in.) made with Elgin sand. 

Cements arranged in numerical order. 

Specimens stored continuously, standing on end in about 1 in. of water, in tightly 
covered metal containers, kept in a room maintained at 75 F. 


Ce- | Irot, alkalies! Ixpansion at age indicated 

ment | Na,O | K,O calculated as| percent of length at one day 

No. | percent) percent Na, per- | ' | 

| cent* Imo | 3mo | lyr | 2yr 3yr 5yr 
t \ - \ ( 


i] 


\ 


Type 1 cements 











Mn 61 0.91 | 0.51 | 0.88 / 009 | (O15 022 025 028 035 
11T | 0.22 | 0.51 | 0.56 | .009! .O15 | .021 021 025 033 
12 0.28 | 0.40 0.54 | 005 |} .010 | (016 | 023 023 030 
12T | 0.31 | 0.40 0.57 | 004) 009 | (016) (021 020 025 
13 0.04 0.19 0.17 | 006 009) O11 013 Ol 010 
14 0.06 | 1.30 | 0.92 009 | .013 | (023 | .023 O17 028 
15 0.08 | 0.23 | 0.23 |— 004 | 003 | — .006 005 006 |— .002 
16 0.23 | 0.46 0.53 | .007 | .012 | .015 | .015 | .016 023 
16T | 0.238 | 0.44 | 0.52 | 005 O10 O14 | (006 012 020 
17 0.08 | 0.43 | 0.36 003 | .004 | 006 |—.002 000 006 
IS | 0.12 / 0.13 | 0.21 | .005 | 008 | .007 | .003 | .003 | 008 
IsT | 0.14 | 0.18 





0.23 003 006 | .000 | .008 000 006 


Type IL cements 


0.22 0.40 | 0.48 | 003 007 .005 


| | 
21 | 010 009) (O17 
21T | 0.21 | 0.43 | 0.49 | .004| 000 | .007 O14 | (012 | 019 
22 | 0.24 | 0.37 0.48 | 008 | (012) 020 O19 | 016 | .026 
23 | 0.59 | 0.14 0.68 | 003 | .005 | .005 | 007 | 004 | .009 
24 | 0.06 | 1.30 | O92 | .008| .015 | .026 | .030 | .030 | 038 
| | 


25 0.21 0.54 0.57 | .007 | .O12 | .O18 O16 O12 021 


Type IIT cements 


0.37 002 


31 | 0.23 | 0.22 OO1 005 O11 007 O17 


| 
33 0.21 | O44 | 0.50 | .001 |—.002 | 000 | 006 | 001 | .009 
33T | 0.21 | 0.46 | O51 | 002 | (004) .005 | .007°|—.002 | 008 
34 | 0.28 | 0.28 | 0.46 008 | 006 | 005 | .010 | 003 | .007 
\ { - — 


Type IV cements 


41 0.06 O12 | O17 023 025 032 














| 1.19 | 0.84 | 006 | 
42 | 0.16 | 0.26 | 0.33 | .000 003 | .009 |) (010 | (0038 | O10 
43 100 | 0.08 1.05 | 0o2 | .006 | O11 | 013} (O10 | (O18 
43A | 0.33 | 0.01 0.34 033 | .006 | .007 | 012 013 | .022 
- \ | | - 
Type V cement. 
f | | = — 
SL | 0.08 | 0.22 | 0.22 | 003 | 003 | ou | 008 | 001 | ou 
1 | — 


*Total alkalies « percent Naw) + 0.658 X percent AO, 
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TABLE 3-27—ALKALI-REACTIVITY TEST (NON-REACTIVE AGGREGATES) 
STORED IN COVERED CONTAINERS 


5 Expansion of 1:2 mortar prisms (2 * 2 * 11144-in) made with Elgin sand. 
Cements arranged in order of decreasing total alkali content. 
Specimens stored continuously, standing on end in about | in. of water, in tightly 
covered metal containers, kept in a room maintained at 75 F 








| 
Ce- Tot. alkalies) expansion at age indicated 
ment | Na,O | K,0 calculated as| percent of length at one day 
No, | percent) percent) Na,O, per- | ; 
cent* | Imo 3mo ly! 2y1 By 5yt H 
43 1.00 | 0.08 105 | 002! 006 Ol O13 O10 O18 
14 0.06 1.30 0.92 009 | O18 (2% 023 O17 028 ' 
24 0.06 L@ i. 0.92 | OOS | O15 026 030 030 O38 
4\ 0.06 | 1.19 0) 84 | 006 | O12 O17 023 | (025 032 
23 0.59 0.14 | 0. 68 003 | 005 O05 007 O04 O09 
| | | 
127 | 0.31 | 0.40 | 0.57 004 | 009 O16 (21 (20 025 
25 0.21 |} 0.54 | 0.57 | .007 O12) OW) O16 O12 | 021 
MT | 0.22 | 0.51 | 0.56 009) O15 021) O21 025 033 
11 0.21 | 0.51 0.55 009 | O15 022} .025 (028 O35 
12 | 0.28 | 0.40 0.54 005 | O10 | O16 (23 028 030 
| | 
16 0.238 | 0.46 | 0.53 007 O12 | OLS OLS OG | O28 
16T | 0.23 | 0.44 0 52 005 | O1O} O14 O06 O12 020 
338T | 0.21 | 046 | OS) OO2 | O04 O05 007 O02 O02 
33 0.21 | 0.44 | 0.50 001 |— 002 | 000 O06 OO} OOo 
217 | 0.21 | 0.48 | 0 49 | 004 OOO | 007 O14 O12 OW 
21. | 022/040 | 048 | 003! 007) 005) .o10| 009} 017 
22 0.24 | 0.387 | 0.48 OOS | O12 020 | O19 O16 026 
34 0.28 | 0.28 | 0.46 003 | 006) 005 O10 00% 007 
31 0.234 0). 22 | 0.37 | .002 OOL | O05 | O11 O07 O17 
17 0. O8 | 0.43 | 0.36 | .003 O04 006 002 | 000 O06 
438A | 0.33 | 0.01 | 0.34 | .003 006 (07 O12 | O18 022 
42 0.16 |} 026 | 0.338 000 003 | 000 O10 O03 O10 
15 | 0.08 | 0.23 | 0.23 004 |~.003 |~ 006 |—.005 |— 006 |— 002 
IST’) 0.14 0.13 | 0 2% | 003 006 | 000 | (008 O00 O06 
51 0.08 | 0.22 | 0.22 | 003 003 O11 008 Ol Oll 
| | 
8 | 0.12 |} 0.13 | 0.21 | 005] 008} .007| .003| (003 008 
13 0.04 | 0.19 | 0.17 006 oou OL | (O18 Oll | (O10 
| | | 








*Total alkalies = percent Naw + 0.658 & percent KW 
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TABLE 3-28—ALKALI-REACTIVITY TEST (REACTIVE AGGREGATES)—MOIST 
ROOM STORAGE 


Expansion of 1:2 mortar prisms (2 « 2 11\4-in.) made with Elgin sand plus siliceous magnesian 
limestone (05 percent:5 percent) 

Cements arranged in numerical order. 

Specimens stored continuously in the moist room at 70 F, 








Tot. alk Expansion at age indicated 
Ce eule, as percent of length at one day 
ment Naw AW Va 
No percent | percent percent* Ime Zmo Smo Smo mo lyr Zyr yr Sy 
| j { 
Type I cements @ 
11 0,21 O51 O45 Old O82 OSS Ooo Zs} 
I'l 0 22 O51 0 5% OLS 02% O2S O38 O30 O46 OSS Oso O66 
12 0 2s oO 40 Oo o4 ol ow O24 OS1 O30 Ml O45 O40 OSS 
1T 0 41 0.40 0.57 O16 O25 O20 O37 O86 OWS OSI O4 O62 
i O04 ow 0.17 OOS OO7 oou OOS O10 O18 Olu 020 O26 
14 oO On 140 ou 143 143 
| 
1S 0 OS 0.23 0.23 OOu OO4 OOF 005 00u ool 006 006 Oll ‘ 
It 0. 2% 0 46 0.538 Ol ol O28 Oz OLS O84 Od! O42 O47 
wl 0 23 0 44 0.52 OLS O25 O20 on O86 O4S 253) 25 
17 0.08 048 0.36 O04 oou O10 oov 000 O17 O20 020 O26 
Is 0. 12 O18 0 v1 Oo! O04 OO8 OoOn OO7 O18 O28 OS O31 
{ Isl O14 OW 0.23 O03 OOS Oou O00 O10 Ol4 O20 O22 O20 
‘ 
5 Type Ll cements 
) 21 0.22 0 40 0.48 O07 ol ol4 O17 OS Oust OLS O40 O37 
j 21T 0 21 oO 44 o.49 O07 oll Ol4 O17 OLS O28 027 O2S O35 
22 O24 0 87 0.48 O10 Os ow O26 ou O84 O4S OAS 055 
23 Oo” Oo 0 6S O10 O16) O20 104 F 
24 oO oO 1 40 ou 122 156 
2h O21 OM 0.57 OLS O21) O25} O30} O33) OAS O40 052) OSS 
| { t ' t 
Type IIT cements 
ol O28 0.22 O 47 ow om aos On O46 O42 OO2 OSS OO2 
43 0.21 | 0.44 Oo 50 ooo O28 10S 
33T 0 21 046 0 St On 22S 
“4 0 2S 0 2S 0 46 oou O17 Os O27 Os 036) O3S| O44] 050 
Type IV cements 
41 oO On 1 OO S4 ov O28 O88 O42 O42 OO Oso 063 | O72 
42 Oo Oo 26 O48 On O07 oOo Ol Os OS ozs} O30) Oa6 
4 1 oo 0 0S Los O17 Oot 121 | 
tA O 34 0.01 0 4 07 O10 O11} Ol O16) 023 O26 O28) O35 
| | i i | \ | 
Iype V cement | 
; St 0 ON 0.22 0.22 07 ow Ol ls) Ol4 O20 OS O28 O2S 
j 
*Total alkalies = Nao b 0.058 & pereent KO, 
: HIndicates reading at 7 month 
' 
; 
j 
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TABLE 3-29—ALKALI-REACTIVITY TEST 





April 1948 


REACTIVE AGGREGATES)—MOIST 


ROOM STORAGE 


Expansion of 1:2 mortar prisms (2 X 2 X 114-in.) made with Elgin sand plus siliceous magnesian 
limestone (95 percent:5 percent). 

Cements arranged in order of decreasing total alkali content. 

Specimens stored continuously in the moist room at 70 F. 




















| Tot. alk. 

Ce- cale. as 
ment | Na2O K:0 Na, |—— 
No. | percent | percent | percent* | Imo | 
43 1.00 .| 0.08 1.05 | .O17 
14 0.06 1.30 0.92 | .143 
24 0.06 1.30 0.08 | .193) 
41 0.06 1.19 0.84 .022| 
23 0.59 0.14 0.68 010} 
12T 0.31 0.40 0.57 010) 
25 0.21 0.54 | 0.57 | .015) 
11T 0.22 0.51 | 0.56 | .015) 
11 0.21 0.51 | 0.55 | .019] 
12 0.28 0.40 | 0.54 | 010} 
16 0.23 0.46 0.58 1 20 
16T 0.23 0.44 0.52 | .0O15| 
33T 0.21 0.46 0.51 | .016) 
33 0.21 0.44 0.50 009} 
21T 0.21 0.43 0.49 .007 | 
21 0.22 0.40 0.48 .007) 
22 0.24 0.37 0.48 .010 
34 0.28 0.28 0.46 .009 
31 0.23 0.22 0.37 .010} 
17 0.08 0.43 0.36 .004} 

| 
43A 0.33 0.01 0.34 .007 
42 0.16 0.26 0.33 .005 
15 0.08 0.23 0.23 -006 | 
18T 0.14 0.13 0.23 .003 
51 0.08 0.22 0.22 .007| 
18 0.12 0.13 0.21 .001 
13 0.04 0.19 0.17 .005) 


2mo 


.061| 
. 153} 
. 156 
028} 
.016) 





.004| 
.007 | 


Expansion at age indicated 
percent of length at one day 





.121 


.033) 
.020| 
} 


.023) 
025) 
.028 
.038 
.023) 


.023) 
.029 


. 198) 
-O14| 


.014| 
.0O19) 


‘010| 


.011) 
.009 
.004| —. 
.008} 
.010) 


004 | 


009 | 
-O11) 


.006 | 
-009| 





*Total stati’ < 


percent Na2O + 0. 658 X semeeat K20. 
tIndicates reading at 7 months. 


.042) 
.194 


.031 
030} 
033 
-059| 
.031| 


.026 
.032 


.017) 


.017 
.026 
.027 
.032 
.009 | 


.016| 
011) 
— .005 
009} 
.013} 


006 
.008 


3mo | 5mo | 9mo | 


lyr 


.042 
| 


.030 
033 
.030| 
. 2891 | 
.030| 


.028 
.036 
.018) 

| 
.018} 
029) 
.032| 
.036 | 
.009} 


.016| 
.013 
— .006) 
010} 
-014| 


.007 
.010 


.050 


041) 
.045)| 
- 046} 


.041 


.034| 
(045) 


.023 
! 
.024} 
.034 
036) 
.042) 
.017 


.023) 
018) 
_ -001| 
.014} 
.020) 


013) 
‘013 





2yr | 


059) 


045) 
049) 
.055 


.045 


.041| 
253) 


.028 


.030 
.048 
.044 
.055 


.020) 


.028 


.030 


.006 | 


.022 


-022| 


.025 
020 


.072 


.062 
.058 
.066 


.058 
.047 


.035 


.037 
.055 
.050 
.062 
.026 


.035 
.036 
.O1l 
.029 
.028 


.031 
.026 





—E 





aor 


neo ot comer a 


eran 


ee ee 
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TABLE 3-30—ALKALI-REACTIVITY TEST (REACTIVE AGGREGATES)—STORED 
IN COVERED CONTAINERS 


Expansion of 1:2 mortar prisms (2 X 2 X 11)4-in.) made with Elgin sand plus siliceous magnesian 
limestone (95 percent:5 percent). 

Cements arranged in numerical order. 

Specimens stored continuously, standing on end in about 1 in. of water, in tightly covered metal con- 
tainers, kept in a room maintained at 75 F 





Tot. alk. Expansion at age indicated 
Ce- calc. as percent of length at one day 
ment | Na2O0 K:20 Na20O, ———_ |_———__ — ; a _ 

















| 
No. | percent | percent | percent* | Imo | 2mo 3mo 5mo | 9mo | lyr | 2yr 
——- — ‘ ' —_— 


(_____-—_ ———— ($ |__| | 





3yr | 5yr 














Type I cements 






























































Es ee ee ' a eer 
11 0.21 | 0.51 | 0.55 .018| .036| .221| —- | re cee | - - 
11T | 0.22 | 0.51 | 0.56 .018} .027| .033} .093] .153t| - - | - ~ 
12 | 0.28 | 0.40 | 0.54 | .013} .024] .119] .170} - | - | = 
12T | 0.31 | 0.40 | 0.57 | .014| .037| .196| bmw ie - 

13 0.04 | 0.19 | 0.17 | .005) .006) .006| .001) -001) .006 -010} .002| .007 
14 0.06 1.30 | 0.92 | .281) .291) - | | } - | - - 

| | | | 
15 0.08 | 0.23 0.23 |—.002) —.003| —.004| — .007| —.013| - Ons) ons .011| — .008 
16 0.23 | 0.46 0.53 | .010| .017| .019| .020| .238| - 
16T 0.23 | 0.44 | 0.52 | .017/ .024] .028) .027| .029| 031/ .034| 034) 035 
17 0.08 | 0.43 0.36 | .006! .009} .010) .007) .005| .008) .014| .004| .008 
18 0.12 0.13 | 0.21 .004) .005| .006| .004) .000] .006| -010} .003) *.009 
18T 0.14 6.13 | 0.8 -003} .005} .006} .005) .001| :007| :012| [001| 006 
—_——— [|_——$——$——— ——  |___ _ |____ (——__ _———$—— |__| ___ |- | ‘ 
Type II cements 

aon Ee ee ee ee ee ee eee t " 

21. | 0.22 | 0.40 | 0.48 | -007/ .012) .015| .016} .011/ .009) .012| .014| .019 
21T | 0.21 | 0.43 | 0.49 | .006} .011} .013} .013| .011) .013] .030| .014] .017 
o 6] «(0.94 0.37 0.48 '014| 1020} [022| [025| [025] ‘028| ‘041| [030] 1040 
23 «| 0.59 0.14 0.68 .011} .018} .023} .254; - | - - - - 
24 | 0.06 | 1.30 | 0.92] .156| .227| - - | | - - - 
25 | 0.21 0.54 | 0.57 -017| .040| .079] 310] - | - ~ - 
i Sass ee See Se ; a a ee See we 

Type IIT cements 

—— — ———r—rr> OOo OOO hb —- COO 7 eager — F ' 

31 | 0.23 0.22 0.37 | 013! 2) .028) .034) .034) .040/ .012| .038/ .048 
33 | 0.21 | 0.44 0.50 O13} 7133 335) ~ Ee | ee - |e | = 
33T 0.21 | 0.46 | 0.51 | 021} .339 = =i t ‘. 
34. | 0.28 | 0: | 0.46 -010| 016} .020} .024| 030) .072| . 569 | ~ 

beet IV cements 

41 | 0.06 | 1.19 0.84 |  .034| .065| .092| 159] | | rer 
42 | 0.16 | 0.26 | 0.33 | .004| .003) .006| 007 -O11) .014)  .015| 013} .021 
43 | 1.00 | 0.08 1.05 .078| .215} oe - | - “ 
43A 0.33 | 0.01 | 0.34 | -005| .009/ .009 O11] .012) .018| .026) .022| .023 

inion SS ee, es eee ee ee See | } 

Type V cement 
eee ee a eT a er te ms vapsoctiniaiaiiocess 
51 | (O. 08 | 0.22 | 0.22 | -007| 006 _-006/ 005) .008 .013| .003 | -007 .010 
— ——— - { — — Wsterosone Dussstinainpontind L 


*Total edie percent Na2O + 0.658 X percent K20. 
tIndicates reading at 7 months. 
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TABLE 3-31—ALKALI-REACTIVITY TEST (REACTIVE AGGREGATES)—STORED 


: IN COVERED CONTAINERS 
5 Expansion of 1:2 mortar prisms (2 X 2 X 114%-in.) made with Elgin sand plus siliceous magnesian 


limestone (95 percent:5 percent). 

Cements arranged in order of decreasing total alkali content. 

Specimens stored continuously, standing on end in about 1 in. of water, in tightly covered metal con- 
tainers, kept in a room maintained at 75 F. 











} Tot. alk. Expansion at age indicated 
Ce- | cale, as percent of length at one day 
ment | Na2xO | KO Na, - - ; 
No. | percent | percent percent* Imo 2mo | 3mo 5mo | Ymo ly! 2y! yr dy! 
43 | -1.00 0.08 1.05 078| .215 
14 0.06 1.30 0.92 231 291 
24 0.06 | 1.30 0.92 156 227 
41 | 0.06 1.19 0.84 034 O65 oOv2 159 
23 0.59 0.14 0.65 Ol} OLS O23 254 
12T | 0.31 0.40 | 0.57 O14 037 196 
25 } 0.21 0.54 0.57 } O17 040 079 310 
11T | 0.22 0.51 0.56 O18 027 033 093) . 1534 ; 
11 0.21 0.51 0.55 O18 036 221 : 
12 | 0.28 | 0.40 | 0.54 013 024 119 170 
16 0.23 | 0.46 0.53 Oo O17) .O19 020 238 } 
16" 0.23 | 0.44 0.52 | .O17 024 028 027 029 031 034 034 035 i 
33T 0.21 | 0.46 0.51 | .02! 339 ; 
33 eee Oe |} © 50 | 013 133 335 s 
21T 0.21 | 0.438 0.49 006 oll O13 O13 Ol O13 030 O14 O17 
21 | 0,22 0.40 0.48 007; .012| .015| .016) .O11 ooo! .o12| O14) .019 
22 | ©.24 0.37 | 0.48 O14 020 022 025 025 028 O41 030 040 
34 0.28 0.28 | 0.46 010 O16 020 O24 030 O72 569 
31 0.23 0.22 |} 0.37 O13 022 O28 034 034 040 O12 O38 OAS 
17 | 0.08 | 0.43 | 0.36 006 | 009 O10 007 005 00S O14 004 OOS 
| 
434A | 0.33 | 0.01 0.34 005 009 009 Oll| .O12 OLS 026 022 023 ' 
, 42 } 0.16 | 0.26 0.33 O04 003 006 007 O11 O14 O15 013 O21 f 
15 } 0.08 0.23 0.23 | 003 003 O04 007 O13 OLS O13 oll OOS : 
isT | 0.14 0.13 0.23 003 005 006 005 ool 007 O12 OO] O06 ¥ 
51 | 0.08 | 0.22 0.22 O07 006 006 005 OOS O13 003 007 OLo ; 
18 0.12 | 0.13 0.21 004 005 006 OO4 O00 O06 O10 003 009 
13 | 0.04 0.19 0.17 005 006 006 001 oOo1 006 O10 O02 007 
| ' ' " ' | ' 
*Total alkalies percent NazO + 0.658 percent K20. 
tindicates reading at 7 months. 


et RRS OA ETI 
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TABLE 3-32—NON-EVAPORABLE WATER CONTENT AND 
VAPOR SORPTIONS 





















































Neat cement pastes, W/C 40 percent by weight. 
, Pastes cured at 70 F Mass-cured pastes 
4. Non-evaporable Sorption at Non-evaporable Soi ption at 
= | water 0.36 R.V.P., water, 0.36 R.V.P., ¢ 
e | percent cement percent cement percent cement percent cement 
Fi | a CR ¢ gE F-tly 
& | 7da |28da | 3mo | lyr | 7da | 28da | 3mo | lyr 3da | 7da lkda 3mo | 3da | 7da | 28da | 3mo 
onan | -—_ } . . 

Type I cements { 
os ena | Hi es | ‘ a | 3 rea e | 
11 15.7) 18.0) 19.7 21.0) 5.0 | 6.0 6.9 7.1 15.3} 18.1} 18.9) 19 6| 5.3 5.7 | 5.9 | 6.6 , 
11T | 16.5] 19.4) 20.2] 21.0) 5.9 | 6.4 | 7.0 | 7.2 | 15.5] 17.8) 19.6] 20.0) 5.7 | 6.1 | 6.2 7.1 | 
12 | 16.2| 19.2] 20.8] 21.8] 4.9 | 6.7 | 7.4 | 7.5 | 15.0] 17:7] 19.6] 20.0] 5.2 | 6.0 | 6.3 | 7.2 
12T | 14.8} 19.4} 20.9} 21.9) 6.1 | 6.5 | 6.8 | 7.5 15.6) 17.7) 19.7) 20.2) 5.3 | 6.1 | 6.3 | 7.2 j 
13 | 11.9] 15.4] 18.0] 19.3} 4.0 | 5.1 | 5.8 | 6.8 | 11.3] 13.8] 17.1] 17.7| 3.9 | 4.7 | 5.5 | 6.3 } 
14 | 14.8} 17.7) 18.3) 20.0} 5.1 | 5.4 | 6.4 | 7.0 | 14.0] 15.1} 17.3) 17.6) 5.0 | 5.4 | 5.8 | 6.5 | 

| 
15 | 17.3] 20.1] 21.6] 21.8] 4.4 | 6.6 | 7.0 | 7.5 | 16.1] 20.2| 21.1] 21.4) 5.0 | 5.7 | 6.8 | 7.5 
16 14.9| 17.3] 18.9] 19.7] 3.9 | 5.7 | 6.3 | 6.6 | 13.8] 16.2] 17.5] 18.0] 4.5 | 4.7 | 5.6 | 6.2 i 
16T | 14.9] 16.6] 18.2) 19.6] 3.5 | 5.5 | 6.0 | 7.6 | 13.6) 15.9} 17.4| 17.9| 4.4 , 4.6 | 5.6 | 6.2 : 
17 | 14.7| 18.6] 20.0) 20.4) 4.3 | 6.3 | 7.1 | 7.0 | 14.9] 17.3] 18.9] 19.4) 4.3 | 5.5 | 6.1 | 7.2 \ 
18 16.2) 19 2 20.9) 21.7) 4.8 | 6.5 | 7 6 | 7.4 | 16.0] 17.9] 19.8] 20.5) 4.8 | 5.9 | 6.4 |.7:6 
18T | 17.0} 20.2} 21 O| 21.7} 4.7 | 6.8 17.7 | 7.7 | 16.5] 18.2] 20.2] 21.0] 5.0 | 6.1 | 6.7 |°7.7 

Type II cements 
—_—_ { | i ! — — ; 
21 11.9] 15.0) 17.5] 18.5] 3.6 | 5.5 | 6.3 | 6.9 11.8! 14.2) 16.4) 17.1) 3.5 14.7 | 5.6 | 6.8 ; 
217 | 12.0) 15.1] 17 5] 18.7] 3.7 | 5.6 | 6.5 | 7.2 | 12.1) 14.4] 16.8) 17.6] 3.6 | 4.9 | 5.9 | 7.1 ) 
22 12.9] 16.4) 18.6) 20.2) 3.4 | 5.9 6.6 | 6.3 | 13.1] 15 | 17.5| 18.2) 3.4 5.1 5.9 | 7.0 ’ 
23 | 11.3] 15.8} 19.5) 3.6 | 5.5 | | 6.0 | 11.5) 14.9} 16.6| 17.1] 3.3 | 4.7 | 5.5 | 6.5 
24 | 12.4] 15.0) 18.6] 4.2 | 5.3 | 5.7 | 12.0] 14.0] 15.0] 15.6] 3.6 | 4.2 | 5.0 | 5.8 
25 | 12.1] 15.0] 17.5] 3.9 | 5.2 | | 5.7 | 11.6] 13.6] 15.5] 16.0] 3.2 | 4.3 | 5.1 | 6.0 : 

; . : . 7 ’ 
' 

Type III cements | 
31 17.9| 20. 2| 23.1) 5.7 | 6.5 | | 6.1 | 17.4) 19.1) 20.4) 21.0) 5.3 | 6.2 | 6.3 | 6.6 
33 | 17.7] 19.5] 21.6] 5.6 16.4] - 6.1 | 17.3) 18 4) 19.6/ 20.1] 5.2 | 6.0 | 6.1 | 6.4 ' 
33T | 17 8| 19.3] 22.1] 5.7 | 6.3 | 16.3 | 17.7] 18.7] 19.9] 20.6] 5.4 | 6.2 | 6.5 | 6.7 ; 
34 | 16.2] 17.9} 31.1] 5.3 | 6.4 | | 5.9 15.4| 16.7| 18.3| 18.9] 4.9 | 5.6 | 5.8 | 6.2 : 

\ \ - 

Type LV cements : 
2 2 | ' ' ' P _—s = , ' P - r — —_ — } 
41 | 11.1] 13.2] | 18.0} 3.7 | 5.1 15.7 | 10.0] 11.5] 14.3] 15 [2.9 [3.9 | 5.1 | 5.8 
42 8.5] 11.9] 16.5] 18.8] 3.3 | 4.8 (6.2 | 8.7/ 10.5] 14.8] 16.6] 2.7 | 3.6 | 5.6 | 6.4 
43 | 12.1] 13.9] 16.2] 18.5] 3.7 | 4.6 | 6.1 | 5.9 | 11.4] 12,6] 15.1] 16.3] 3.6 | 4.2 | 5.2 | 5.9 
43A | 9.7) 12.5) 15.9) 18.4) 3.2 | 4.6 | 6.4 6.2 | 9 2| 11.4| 15.3) 16.4) 3.1 | 3.9 | 5.6 | 6.2 


Type V cement 


51 | 11.0) 13 6| 16.7] 19.6] 3.8 | 5.0 | 6.4 | 6.3 | 10.6) 13 


16.2] 17.3] 3.5 | 4.3 | 5.7 | 6.4 
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Fig. 3-1—Rates of heat liberation at three temperatures 
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Fig. 3-2—Average heat of hydration of the different types of portland cement—conduc- 
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* « « ON FOUR POINTS OF LOWER COST 


PREPAKT offer i 
‘ioe Pp advantages which result in lower construction and 


Under water, 
and in ‘hard-to-get-at” appli- 
AKT eliminates or 


cations, PREP 
reduces the need for costly c . 
caissons, falsework and heavy equipment. 
It produces a saving in labor, materials 
and equipment while giving better 
results. (ACI Journal ape 
ment, March 48). Pat 
cena ART permits 
ruction to be Carried on 


offer dams, 


PREPAKT (ACI Jour nal advertisement 
insures low maintenance costs March ’48). : 
for the future. Its dense structure 
offers high resistance to destructive ac- 
tion of the elements, reducing cracking 
and deterioration; its extreme durability 
assures long life under difficult con- 
ditions. (ACI Journal advertise- 
ment February °48). 


By 
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On the cover—ACI membership ups 
and downs—see ‘where from here”’, 
on this page. 
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Institute photographer at the Denver 
convention was Clyde A. Jackson of 
Denver. Some additional pictures 
were supplied by the Bureau of Re- 
clamation. 





Where from here? 
Aud when? 


On the cover of this section is a graphic 
representation of Institute membership ups 
and downs through 28 years, two months, to 
January 1, 1948. The red line starts at 352 
in early November 1919 (previous data are 
spotty) and, with exceptions noted, adheres 
to membership totals as of June 30 each year 
(formerly fiscal year end). The peak of 1929 
is for March with 2736 members; then the 
slump of the thirties to a low of 1154 in 1934 
and to 3779 January 1, 1948—nine years up; 
five years down; 14 years up. 

Supplemental data are also shown graphic- 
ally—again as of January 1, 1948: the top 
ten states (on the right) in total membership 
at that date and on the left the top ten in 
membership density. A supplemental tabu- 
lation (p. 39) lists the states with data on 
both counts. Graph and tabulated data are 
based on full information of January 1, 1948. 
This footnote to the graph should therefore 
record that membership gains (as this is 
written March 24) are such as to bring the 
April 1 total above 4,000 and to leave New 
York and California in delicate balance for 
No. 1 state in the ACI. “Since the memory 
of man runneth not to the contrary,” New 
York was in first place until February, when 
California took the lead with Illinois in third 
place, and Pennsylvania, long in second place, 
going to fourth position and Colorado fifth. 

The January 1 figures show Colorado far 
in the lead in membership density—15 
members per 100,000 of population and the 
District of Columbia in second place with 
nearly 10 members per 100,000 of population 
(1940 census). Here New York (first state in 
membership January 1) shows less than three 


members per 100,000 of population. 


(Continued on p. 39) 








Denver Convention 
Breaks Record 


“Biggest and Best—’48 in the West”’ 
the promise and motto of the Denver com- 
mittee in charge of the local convention ar- 
rangements was not an idle boast. The 44th 
annual convention of the Institute surpassed 
records in several respects. Registered at- 
tendance of 886* exceeded all previous records 
—Indianapolis in 1905 had a registration of 
761; 23 years later Philadelphia in 1928 had 
685; Detroit in 1929, 678+. Attendance in 
general sessions was greater and the audiences 
more constant, apparently from sustained 
interest, than ever recalled by ACI’s regular 
convention goers. The convention dinner 
425 present—was exceeded only, according to 
ACI records, by New York in 1937 with 442 
at dinner. The subject of the evening’s 
address “The Bikini Atom Bomb Tests—An 
Evaluation” by Bradley Dewey, is probably 
the most important to humanity in modern 
times—especially in view of very recent de- 
velopments in the international situation. 

Unique at ACI conventions of many recent 
years were the exhibits which attracted visi- 
tors throughout the convention period. Thirty- 
two firms had commercial displays in the 
Ympire Room of the Shirley-Savoy showing 
late developments of equipment and materials. 


*Five hundred seventy-four were out-of-town registrants, 312 local; 386 
were ACI members and 500 were non-member guests. 

+Office research has cleared the doubt about registration totals of early con- 
ventions. The first convention, when the National Association of Cement 
Users was organized in Indiz anapolis in 1905, had a registration of 761; Mil- 
waukee, 1906, the total was 604; Chicago, 1907, 711 





Top to bottom—Smiling con- 
vention program participants, 


T. 


E. St 


anton, R. B. Young, 


Ruth D. Terzaghi, C. A. Clark 
and K. B. Woods. 


Only in Denver, probably, would have been 
served a buffalo barbecue such as the one so 
thoroughly enjoyed by about 700 Tuesday 
noon. The tour of the Bureau of Reclamation 
laboratories which followed provided a rare 
opportunity to examine one of the finest and 
most complete research plants of its kind in the 
world. 


There were two inspection trips Thursday— 
a short one to Cherry Creek Dam and Reser- 
voir Project, under construction by the Army 
Corps of Engineers, and an all-day trip to the 
vicinity of Estes Park to visit various con- 
struction elements of the Colorado-Big Thomp- 
son Project which brings water from the 
western to the eastern slopes of the Conti- 
nental Divide for irrigation and power de- 
velopment. The enjoyment of Colorado’s 
mountain scenery was enhanced for bus 
loads of ACI members and guests who took 
the trips, by mild bright sunny weather. A 
fresh snow, sun, blue skies and white clouds 
over the snow-capped peaks, with tempera- 
tures in the 50’s and 60’s, made the day 
perfect for the amateur photographers. 
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Robert F. Blanks of Denver was elected 
President of the Institute to succeed Stanton 
Walker of Washington, D. C. Herbert J. 
Gilkey of Ames, Iowa and Frank H. Jackson of 
Washington were elected vice presidents with 
new members of the Board of Direction (see 
p. 17). 

Two new standards were adopted: ‘‘Pro- 
posed Manual of Standard Practice for De- 


Top to bottom—R. J. Willson, 
R. W. Spencer, E. W. Thorson, 
William Lerch and C. ‘ 
Menzel. Menzel and Willson 
were among recipients of ACI 
annual awards. 
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tailing Reinforced Concrete Struc- 
tures,’ as reported by Committee 
315; and “‘Proposed Recommended 
Practice for Winter Concreting 
Methods” reported by Committee 
604. If ratified by letter ballot sub- 
mitted to the entire membership, 
these will become full standards of 
the Institute, about July 1, 1948. 


By-Laws changes were approved 
to redefine the ACI administrative 
year as being the period between 
the reports of tellers announcing 
new officers at successive conven- 
tions; and to provide that in case 
of a vacancy in the office of presi- 
dent, the term be filled by the vice 
president having seniority in that 
office. Convention approvals are 
subject to ratification by two- 

New ACI president, Robert F. Blanks thirds of the members voting in 
secret letter ballot. 


Committee Meetings 
Monday, February 23 
207, Properties of Mass Concrete 
With chairman Raymond E. Davis presiding, Committee 207  re- 
viewed its efforts in promoting research which has led to a better un- 
derstanding of the properties of concrete in large masses, and discussed 
the need for correlating the results of laboratory investigations with field 
performance. There was general agreement that the committee could 
render a valuable service by preparing a review of the case histories of 
the dams and other mass structures which have been periodically exam- 
ined by committee members. The question of publishing such a review 
in a form to make it most useful, vet inoffensive to owners of structures 
which have exhibited poor performance was discussed. 
Present at the meeting were 30 guests and the following committee 
members: Robert F. Blanks, Raymond E. Davis, W. C. Hanna, Franklin 
R. MeMillan, Byram W. Steele and Ivan L. Tyler. 


A part of the audience at the first session 
of the ACI 44th Annual convention . . 
Lincoln Room, Shirley-Savoy, Feb. 23, 
1948 

»—— > 














A delegation from Cuba bore greetings and a message of inquiry from Jose A. Vila, Uni- 


versity of Havana, as to the procedure for organization of a Cuban section of ACI. Left to 
right, Arturo Menendez, Manuel Ray, Isabel Whitmarsh, Zenon Martin and the spokes- 
woman, Elena Suarez. 


210, Resistance to Abrasion in Hydraulic Structures 

With chairman W. H. Price presiding, Committee 210 held its first 
meeting since being reorganized, to discuss the scope of the committee's 
activities. It was decided that the initial work of the committee should 
bs confined to erosion and abrasion of concrete resulting from the physical 
force in flowing water such as the abrasion caused by solids carried in the 
water and pitting resulting from cavitation, and to leaching by pure 
water, and to attack from chemicals contained in the water. 
mittee will first consider available data on the subject and formulate 
recommendations for the production of the more abrasive resistant con- 


The com- 


crete for hydraulic structures. 


The following members of the com- 
mittee were present: W. H. Price, Jacob 
J. Creskoff, Bailey Tremper, D. 8. Walter 
and Roderick B. Young. 


212, Admixtures 


W. T. Moran, chairman, presided at the 
meeting with the following members 
present: T. M. Kelly, T. C. Powers, B. W. 
Steele and Harold Allen (representing F. 
H. Jackson). Absent were F. B. 
brook and Alexander Klein. 


The purpose of the meeting was to 
establish the future line of work to be 
undertaken by the committee. Unani- 
mous agreement was reached on emphasis 
for future work on use practice or utiliza- 
tion of admixtures. The following sub- 
jects were considered and _ tentatively 
assigned to individual members for 


Horni- 


handling: (1) use of admixtures in grout- 
ing operations, (2) use of admixtures to 


counteract cement-alkali aggregate activ- 
ity, (3) use of admixtures to correct grad- 
ing deficiences, (4) use of admixtures in 
concrete products and (5) use of admix- 
tures in underwater construction. 


that additional 


time should be given to further considera- 


It was the consensus 


tion of the above points tentatively agreed 
upon and that further points might be 
considered, or that some of those tenta- 
tively agreed upon might be deleted. It 
was agreed that 
problem required a very definite studied 


the complexity of the 


approach. 

The chairman is to prepare a tentative 
outline for circulating to the committee 
membership, which will form at least an 
initial attempt toward crystallization of 
ideas, and furnish a basis for future work 
The chairman also pointed out that only 
large user interest is being represented in 
the present committee undertaking. 








ACI NEW 


609, Vibration of Concrete 


Four members of this committee met 
with chairman Harmon 8. Meissner. 
Approximately 30 visitors were also 
present. Discussions centered about re- 
visions and additions to the 1936 report 
of this committee. The effect of vibra- 
tion on the removal of air from air-entrain- 
ing concrete was commented upon as well 
as vibration compaction as practiced upon 
concrete highway slabs. Two types of 
vibrators on display among the exhibits 
at the convention were described to the 
committee; both involve new principles 
of drive to achieve high frequency. Mr. 
Eric Fridh, of the Vibro-Plus Corpora- 
tion, manufacturers of Swedish vibrators, 
told of experiments performed by the 
Swedish Cement and Concrete Research 
Institute at the Royal Technical Uni- 
versity at Stockholm. Unpublished data 
from this source, he reports, have indi- 
cated that optimum frequencies for most 
efficient compaction have been found 
around 11,000 to 13,000 vibrations per 
minute. 


613, Recommended Practice for the Design 
of Concrete Mixes 

The committee launched seriously into a 
review of ACI standards on mix design. 
Chairman W. H. Price reports that all 
members, or their alternates, except Guy 































LETTER 


H. Larson were at the meeting and more 
than a hundred visitors crowded the 
committee room. Mr. Larson, the absent 
member, commented by letter on ques- 
tions before the committee. The present 
restudy of standards is occasioned by de- 
velopments in air entrainment in con- 
crete. The meeting began with three 
formal discussions: ““The Properties of 
Air-Entraining Agents” by J. L. Gilliland, 
“Properties of Air-Entraining Concrete” 
by W. H. Price, and ‘ 
cedures for the Design of Cancrete Mixes 
with Entrained Air’ by W. A. Cordon. 
Suggested revisions in Tables 2 and 5 of 


tecommended Pro- 


the committee’s standard recommended 
practice were discussed. Under consider- 
ation are these questions in relation to 
mix design: 

1. What percentages of air should be 
recommended for air-entraining concrete? 

2. Should Table 1 of the Committee 613 
report which lists recommended water- 
cement ratios be revised for air-entraining 
concrete? 

3. How much should the strengths 
shown in Table 2 be reduced for air-en- 
training concrete? 

4. Should lower slumps be recom- 
mended for air-entraining concrete? 

5. How much should the percentages 


of sand as recommended in Table 5 be 


C. H. Cash, W. T. Mulkey, L. V. Downs and M. J. Hawkins inspect a model of the outlet 
works of Heart Butte Dam during tour of Bureau of Reclamation laboratories. 
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reduced for each percentage of air entrain- 
ed? 

6. How much should the water content 
listed in Table 5 be reduced for each per- 
centage of air entrained? 

7. Should the effect of slump, richness of 
mix, grading of aggregate, temperature, 
etc. on amount of air entrained for a given 
amount of agents, be discussed in report? 

Members of the committee have agreed 
to furnish written comments on these 
questions, whereupon Chairman Price will 
compile the comments for consideration 
of the committee as a whole. Early agree- 
ment is anticipated for recommended pro- 
cedures for designing concrete 
containing entrained air. 


mixes 


616, Recommended Practice for the 
Application of Paint to Concrete Surfaces 

With most of its members unable to 
attend the convention, Committee 616 
held only a short meeting in the Blue 
Spruce Room of the Shirley-Savoy Hotel. 
In a session closed to the public, chair- 
man G. E. Burnett reviewed correspond- 
ence from some absent committee mem- 
bers and presented a revised version of 
“Recommended Practice for Application 
of Portland Cement Paint to Concrete 
Surfaces.”” This material, published in 
1942 as a committee report (ACI JouRNAL 
June 1942, Proc. V. 38, p. 485) is being 
reorganized for early presentation to the 
Institute for adoption as a standard. 

The next phase of Committee 616 work, 
preparation of standards for application 
of organic base paints, had preliminary 
discussions. 


711, Precast Floor Systems for Houses 
Chairman F. N. Menefee, presided at a 
meeting of the following members of the 


At the “program dinner'’—left to right: 
Whipple, 


Secretary Van Atta (see p. 11). 


April 1948 


committee: R. E. Copeland, Dean Pea- 
body, Jr., Gayle B. Price and C.A. Willson. 
Also present and contributing to the dis- 
cussion were: Benjamin J. Baskin, J. J. 
Creskoff, H. J. Gilkey and J. N. Thomp- 
son, 

The discussion centered around the 
spacing of moment bars in precast joists. 
It was pointed out that when the ‘“Mini- 
mum Standard Requirements for Precast 
Concrete Floor Units’’ was being written, 
the moment was taken by a single bar in 
the I-beam type of joist. With the de- 
velopment of the precast joist industry 
certain manufacturers commenced using 
two bars at both top and bottom of the 
joist, separated by and welded to a 3¢-in. 
shear bar. The moment 
spaced 3¢ in. apart. 

The “Minimum Standard Require- 
ments, for Precast Concrete Floor Units’ 
(711-46) Section 10(b) says ‘with respect 
to design for strength, 7.e., for bending 
moment, and shear stresses, all 
types (of joist) referred to in 10(d) are to 
be designed in accord with standard rein- 
forced concrete theory and in accord with 
ACI 318-41 . . . ” (ACI 318-41 has been 
superseded by ACI 318-47). Since the 
standard is silent on the subject of spacing 
of bars, it is assumed that ACI 318-47 
governs, and from Section 505(a) of that 
document is the following: 


bars were thus 


bond 


“If special anchorage as required in 
Section 903 is provided, the minimum clear 
distance between parallel bars shall be 
equal to the diameter for round bars and 
one and one-half times the side dimension 
for square bars. In no case shall the clear 
distance between bars be less than 1 in. 
nor less than one and one-third times the 
maximum size of the coarse aggregate.’’ 


Vice President Gilkey, Secretary-Treasurer 
resident Walker, Harmon S. Meissner, Vice President Jackson an 


Assistant 








The program dinner, just ahead of the first general session Monday evening, Feb. 23, was 
a gesture of thanks but had a “catch” in it—the convention participants were briefed on 


timing and pledged to adhere to program schedules. 


There is some question as to whether 
the joists in question provide special an- 
chorage, but whether they do or not, the 
spacing of moment bars is not 1 in. 

Two members of Committee 318 had 
contributed an interpretation that re- 
gardless of the size of the aggregate, 
which in this case is % in., the 1-in. 
minimum spacing requirement controlled, 
in job placed concrete. 

As far as is known, there have been no 
failures of the joist in question. It was 
pointed out that the computed 
stresses in the joint, as manufactured and 


bond 


assuming no bridging between the moment 
bars, is never over 100 psi, whereas from 
120 to 180 psi is allowed. 

It was agreed that the spacing require- 


ments in “Building Code Requirements 
for Reinforced Concrete’? were probably 
written for job placed concrete and that a 
study should be made as to what modifica- 
tion could be justified for precast joists 
manufactured under close control condi- 
tions. 

There were those in the meeting who 
thought the study should be financed by 
the joist manufacturers, after which the 
proper ACI committees should take the 
results as a basis of a specific recommenda- 
tion as to minimum bar spacing in precast 
units. Should controversy arise in the 
meantime, Section 10(c) of the “‘“Minimum 
Standard Requirements for Precast Con- 
crete Floor Units (ACI 711-46)” would 
control. 


Precast Concrete Construction, Insulation 
Monday Evening, February 23 


Tilt-Up Procedures 

President Walker opened the first ses- 
sion of the 44th annual convention 
promptly at 8:00 with very brief words of 
introduction. As in all the subsequent 
meetings, the available chairs were filled 
and additional ones were being brought in 
rapidly by the hotel attendants. Men- 
tioning the fact that the schedule for the 
evening was a full one, the chairman in- 
troduced C. A. Clark, district engineer 
of the Portland Cement 
Austin, Texas; who, after a few comments 


Association, 


on tilt-up construction, presented a sound 
motion picture on the subject. In intro- 
ducing the picture Mr. Clark described 


the amusing and somewhat puzzling sight 


in Fort Worth, Texas where, on the ex- 
terior face of a concrete warehouse wall, 
there are dog tracks running from the 
foundation right up to the roof line. The 
curiosity of the people was finally satis- 
fied when a newspaper reporter dug up 
the story explaining that the wall was 
cast horizontally on the ground and then 
tilted into position. The interesting mo- 
tion picture covered the subject of tilt-up 
well enough that there was no discussion 
A paper by Mr. Clark, ‘“De- 


velopment of Tilt-up Construction,” con- 


following. 


taining much of the information in the 
sound film is scheduled for publication in 
the ACI Journat for May. 
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Before introducing the second speaker 
of the evening, President Walker an- 
nounced Prof. F. N. Menefee and Walter 
Couse as the 1948 tellers to report next 
evening their canvass of the annual elec- 
tion ballots. 


Prefabricated Pumice Concrete Houses 
Capt. H. L. Mathews of the Naval 
Ordnance Test Station, Inyokern, Calif., 
presented “Prefabricated Pumice Concrete 
Houses.” Captain Mathews described 
the successful use of pumice concrete for 
building construction by the test station 
at Inyokern using a coarse aggregate of 
local pumice and fine aggregate of sand 
which produced a concrete with a strength 
of 2800 psi weighing only 110 lb per cu ft. 
Studies showed that the lightweight struc- 
tural concrete could be produced with 28- 
day strength ranging from 1,000 to 4,000 
psi. The cost of 2800 psi pumice concrete 
was about the same per cu yd as ordinary 
hardrock This 
does not give a true picture of the economy 
brought about by the reduction of struc- 
tural member 
dead loads. E. M. Lurie of Chicago, IL., 
R. C. Sandberg of Rock Island, IIL, 
Lewis H. Tuthill of Denver, Colo., J. E. 
Backstrom of Denver, Herbert K. Cook of 
Clinton, Miss., Walker 
contributed to the lively discussion. In 
replying to questions Captain Mathews 
explained that cost per unit of construc- 
tion 


concrete. cost however 


sizes because of reduced 


and Stanton 


was not available because it had 
never been broken down but that savings 
amounted to several hundred thousand 
dollars on a bid covering 380 units; and 
that bugs in the operation were still being 
eliminated. There was no warpage in the 
slabs in casting, although there was trouble 
in one operation where aggregates broke 
up to furnish 


enough coarse aggregate. 


fines and not 


That 


too many 


trouble 


Douglas McHenry 





W. E. Gibson 
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had not been found in the particular group 
of houses being described; and excess of 
fines had been corrected. Captain Ma- 
thews also observed that they were using 
an admixture to get a smoother working 
concrete and were cutting down on water 
all the time, and now had the slump re- 
duced to 2 in. Offset joints in the roof 
were caulked with a high asbestos content 
compound under 60 psi pressure. In reply 
to a question, Captain Mathews said they 
are not using high-early strength cements. 
They found that one hour in the steam 
tunnel is equivalent to one day of ordi- 
nary curing methods; that they are having 
no difficulty in handling the slabs—a slab 
cast one day can be erected the next, 
usually within 24 hours, and some had 
been erected in 12. 
a house 


The speed of erecting 


was somewhat astonishing 


about an hour and a half to erect one 


house with 22 slabs welded together. 
Captain Mathews’ paper is scheduled 


for the May JouRNAL. 


Flexicore Prefabricated Floors 

was the title of the paper by Gayle B. 
Price, Price Bros. Co. Ohio, 
which had convention presentation in a 


, Dayton, 


sound slide film of about 30 minutes dura- 


tion. The subject was covered rather 
fully and included information on design, 
manufacture, results of tests, erection 
methods and the application of Flexicore 
slabs to several types of structures. J. FE. 
sackstrom, Jack Counts of Albuquerque 
N. M. and Samuel Judd of Denver asked 
the details 


With regard to the strength of the con- 


questions about some of 
crete Mr. Price stated that it was designed 
for 3750 psi and that actual cylinders 
run to 4500 to 5000 psi. In the Dayton 
plant they use calcium chloride and get a 
strength of 2200 psi in 2 hrs. Cost of roof 


and floor slabs, erected, ranges from 75 


Capt. H. L. Mathews 
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cents to $1.00 per sq ft depending upon the 
locality and the freight involved—the slab 
price at the Dayton yard runs now from 
63 to 70 cents depending upon load re- 
When asked whether the 
prestressing of 20,000 psi in the steel was 
lost during the cure, Mr. Price replied 
that a lot of it will be lost but that the 
slabs are not designed as prestressed slabs, 


quirements. 


and the prestressing increases the slab 
strength for most loads over and above 
that for which they were designed. 


Thermal Insulation of Dwellings 

C. A. Menzel presented a paper by 
Arthur Stone, engineer of the Portland 
Cement Chicago, entitled 
“Thermal Insulation of Concrete Homes.” 
With the wide range of types of insulating 
materials now available, concrete homes 


Association, 


can be as comfortable in winter or summer 
as the best type of wood frame construc- 
tion . When effective vapor barriers are 
provided with the insulating materials, 
condensation and dampness within the 
walls, floors and ceilings can be avoided. 
The adequate insulation of walls, floors, 
ceilings or roof should be accompanied by 
corresponding attention to reduction of 
heat loss through the use of storm windows 
and doors and by weather-stripping and 
caulking. Numerous slides were used to 
illustrate the paper and the insulating 
properties of different types of walls were 
described by Mr. Menzel. It was ex- 
plained that each time you add increments 
of insulation to walls you add to the a- 
mount of resistance to heat loss but you 
do not necessarily get a corresponding re- 
duction in the heat loss, which indicates 
that discrimination must be used in the 
application of insulation to get the maxi- 


mum insulating effect for the minimum 
cost. Vapor barriers are extremely im- 
portant. R. C. Sandberg and John W. 
Shaver, editor of Concrete, Chicago, asked 
questions during the discussion period. 
Mr. Sandberg was particularly interested 
in overcoming difficulties with condensa- 
tion within, the wall, and expressed the 
thought that perhaps ‘‘we were shooting 
too high in our aims to get too good an 
insulated wall because of this difficulty 
with moisture.”’ 


Cemenstone Construction 

The final paper of the evening was pre- 
sented by A. C. Grafflin, vice president 
and general manager of the Cemenstone 
Corporation, Pittsburgh. Mr. Grafflin 
described the manufacture and erection 
of precast concrete buildings which are 
shop fabricated and handled in the field 
much like structural steel. He also 
showed a short film which he described 
as very homemade and extremely non- 
professional but which gave an excellent 
picture of the type of construction he 
described. Although, because of the late 
hour, Mr. Grafflin did not intend to show a 
group of slides he had with him, he men- 
tioned the fact that he had them and a 
show of hands indicated that a large 
part of the audience wanted to see these 
illustrative extras. Those who stayed 
after the closing time for the evening 
session were well repaid by the elaboration 
of description provided in the slides 
illustrating Cemenstone construction. It 
was explained that at present Cemen- 
stone is manufactured only in the Pitts- 
burgh area where it successfully competes 
with structural steel for buildings with 
three or four stories. 


Resistance of Concrete to Destructive Agencies 
Tuesday Morning, Feburary 24 


Opening the 9 o'clock 
president Roderick B. Young, assistant 
director of research, Hydro-Electric Power 
Commission of Ontario, Toronto, recalled 


session, past 


development of durability studies in 


recent years, citing in particular a session 
at. the Institute’s Buffalo convention in 
1946. Mr. Young then introduced Kk. B. 
Woods who presented the first: paper. 








| 
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Influence of Aggregate on 

Concrete Durability 

by H. S. Sweet, research engineer, Joint 
Highway Research Project, Purdue Uni- 
versity, Lafayette, Indiana and K. B. 
Woods, associate director of the same pro- 
ject, reviewed published information on 
aggregate influence on concrete charac- 
teristics. This paper, scheduled for pub- 
lication in the June JouRNAL, has an ex- 
tensive bibliography valuable for those 
seeking more detailed information. 


Mr. Woods cited early (1780 A.D.) 
viewpoints on durability, traced the 
progress of researchers in aggregate and 
durability, and noted the evaluation 
techniques used in field performance 
studies. Such studies in Indiana reveal 
deterioration of many miles of pavement 
where certain coarse aggregates were used, 
regardless of other variables such as ce- 
ment, sand, traffic, etc. Yet, other In- 
diana pavements constructed with a diff- 
erent coarse aggregate are in excellent 
condition after as much as 20 years of 
duty. The authors conclude that aggre- 
gate has an important influence on con- 
crete durability, and that standard tests 
for predicting durability are inadequate, 
with need for research which will if 
possible develop “special treatments or 
methods by which the durability of con- 
crete containing inferior aggregate may be 
improved in localities where the cost of 
such procedures is now overbalanced by 
the expense of importing more durable 
materials.” 

Chairman Young and Frank H. Jack- 
son initiated extemporaneous discussion 
of the paper; Ruth Terzaghi, M. O. 
Withey and F. R. McMillan questioned 
and commented on D-lines and blow-ups, 
and Mr. Woods concluded, “I possibly 
have led you to believe that all our pave- 
ments in Indiana are blowing up and go- 
ing to pot. Actually, it is about 7 percent 
as I remember; in other words relatively 
few miles of pavements in the state blew 
up. They were made with coarse aggre- 
gate from relatively few sources. I think 
60 percent of the blow-ups were found in 
the five sources of coarse aggregate, and 





if we exclude those five sources of coarse 
aggregates, we practically eliminate blow- 
up problems; and therefore I think if we 
take care of the aggregate problems, we 
do not need to worry about the expansion 
joints.” 


Durability of Concrete Exposed to Sea 
Water and Alkali Soils—California 
Experience 


second paper of the Tuesday morning 
session, was presented by Thomas E. 
Stanton, materials and research engineer, 
California Division of Highways, Sacra- 
mento. Scheduled for publication in May 
ACI JourNAL, it discusses the same sub- 
subject covered by Stanton and Meder in 
“Resistance of Cements to Attack by Sea 
Water and by Alkali Soils” (ACI JourNaL 
March, April 1938, Proc. V. 34, p. 433) 
and presents new data and conclusions 
brought to light since the earlier study. 
Mr. Stanton prefaced his formal presenta- 
tion of the paper with comments on a 
number of slides illustrating California 
disintegration problems. Recognition of 
alkali-aggregate reaction as an expansion 
cause, and proof that  air-entraining 
agents increase sulfate-resistance were 
cited as principal developments since 1938. 
For resistance to sea water and alkali 
soil attack, the following were recom- 
mended: (1) use of sound cement and 
aggregate; (2) non-reactive cement-aggre- 
gate combination; (3) mix designed with 
low slump for impervious concrete; (4) 
careful placing to avoid segregation and 
honeycombing. 

Commenting on portland-pozzolan ce- 
ments, Mr. Stanton stated: ‘There ap- 
pears to be no doubt but that a suitable 
pozzolanic addition will materially im- 
prove the resistance of any standard 
cement to sulfate attack, and in addition, 
will effectively correct or dissipate any 
tendency to excessive expansion through a 
cement-aggregate reaction.” 


Informal discussion by E. M. Brickett, 
Vernon A. Cheever, M. O. Withey and 
Walter E. Gay was held to a minimum as 
Chairman Young moved the program 
along on schedule. 
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Concrete Deterioration in a Shipway 
scheduled for June publication, was the 
problem studied by Ruth D. Terzaghi, 
geologist, Winchester, Mass., who diag- 
nosed disintegration causes and, as she 
said, “stuck her neck out’ to predict 
future performance of this particular piece 
of concrete. 

The gate structure of a large submerged 
shipway at Newport News, Va. began to 
deteriorate two years after its completion. 
Abnormally low strength of some of the 
concrete and progressively widening cracks 
were investigated; physical analyses of 
concrete and chemical analyses of con- 
crete and water were made; _ periodic 
crack measurement and expansion sur- 
veys were conducted. It was concluded 
that two types of detrimental action are 
taking place: 

1. Sulfate and/or other substances nor- 
mally present in sea water react with 
hydrated cement to cause internal 
expansion, which in turn produces 
surface cracks. 

2. Chemical reaction between cement 
paste and carbon dioxide present in 
water percolating through the struc- 
ture produces local softening and 
even complete disintegration of the 
concrete, 

Unusual feature of the accompanying 
illustrations was Mrs. Terzaghi’s contour 
drawing of the top of the north pier of the 
shipway, showing the pattern of vertical 
expansion of the concrete with elevation 
increases up to 1.4 in. 

N. T. Stadtfeld and W. 8. Weaver con- 
tributed to the brief discussion of the 
paper. 


Effect of Various Coarse Aggregates upon 
the Cement-Aggregate Reaction 
was delivered to the convention audience 
by W. E. Gibson, engineer of tests, Kansas 
State Highway Commission, Topeka. 
Senior author is Charles H. Scholer, pro- 
fessor of applied mechanics, Kansas State 
College, Manhattan. The authors re- 
counted history of use of sand-gravel 
aggregate (having 5 to 15 percent coarse 
material, by weight, with maximum size 
less than 1 in.) in western Kansas and 
cited its generally good service record. 
However, about 1930 deterioration of 
concrete containing this aggregate, evi- 
denced by abnormal expansion map 
cracking and loss in flexural strength, be- 
came widespread. Details have been re- 
corded of the study begun in 1942, to 
determine the cause and prescribe pre- 
ventives for this deterioration. Cement 
studies indicated that alkali-aggregate 
reaction is not a primary factor in the dis- 
integration; the immediate solution to the 
problem seems to be the addition of 
coarse aggregate, especially in amounts of 
25 percent or more by weight. In some 
cases as much as 40 percent is required. 
The rather soft, absorptive, sound lime- 
stones have been found more effective 
than quartzite sandstone in arresting the 
deteriorations. In closing, the authors 
urged that careful selection of suitable 
coarse aggregate be given consideration 
in any study of cement aggregate reac- 
tions. Chairman Young, Ruth Terzaghi, 
C. J. Knickerbocker, M. A. Swayze, R. F. 
Adams and the authors participated in 
discussion of the paper. 


Buffalo Barbecue Luncheon and Bureau of Reclamation Laboratories Tour 
Tuesday Afternoon, February 24 


Some 700 ACI members and guests 
boarded buses at the Shirley-Savoy hotel 
Tuesday noon for an 8-mile ride to the 
Denver Federal Center. Doffing coats, 
hats and rubbers in the lobby of the 
Bureau of Reclamation Laboratory, they 
formed single lines, double lines and 
double lines redoubled across the wide 


hydraulics lab, awaiting the long-heralded 
barbecued buffalo. 


Committeeman Walter Price, portable 
public address system in hand, guided 
guests in an endeavor to speed forward 
motion of the line; other committee mem- 


bers watched and wondered—would the 
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buffalo outlast the onslaught of an un- 
expectedly large crowd? 

The line past barbecued 
buffalo and makings, baked 
beans, potato salad, sweet pickles, apple 
pie and cheese, steaming coffee—into all 
portions of the laboratory to eat; standing 
with plates on window ledges, sitting on 
sawhorses with plates perched on knees, 
tramping through the sand of hydraulic 
scale models, balancing paper plates and 
paper gingerly handling paper 
spoons and wooden forks. 

After lunch began the long trek past the 
hundred-and-one (actually 103 were listed 
in the program) points of interest scat- 
tered throughout the vast hydraulics, ma- 
terials, geology, structural research and 
chemical engineering sections of the labor- 
atory. Bureau of Reclamation 
conducted complete 
others were stationed along the way to 


moved on 
sandwich 


cups, 


guides 


laboratory tours; 
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explain unusual exhibits. Professors and 
alike 


laboratory facilities 


students were impressed with 


some of the latest 
and best testing devices, many custom- 
made for bureau use. Among other im- 


pressions—the automatic recording and 
determining the 
the 8-month old 
batch of concrete, still in a plastic state, a 
synthetic containing fly 
barium sulfate, kept at hand for testing 
vibration equipment 


measuring device for 
time of set of concrete 
mix ash and 
the tombstone-size 
samples of concrete cast against absorp- 
tive form linings—empty space in the ma- 
terials lab awaiting the installation of a 
5,000,000-lb. Universal testing machine 

steam curing room the size of a family 
garage, being lined with sheet copper 

hydraulic models, Medicine Creek Dam 
outlet 1:60 scale—all 
and more, with a mountain range in view 


works at a these 


of any front window of the laboratory. 


Forty-Fourth Annual Convention Dinner 
Tuesday Evening, February 24 


President's address 

After the coffee and over the cigars, 
retiring president, Stanton Walker, ad- 
dressed the more than 400 members and 
guests assembled for the 
dinner. 

President Walker (see p. 605 of this 
JOURNAL for text of the address) referred 
his listeners to an ACI Directory for in- 
formation on the mechanics of Institute 
functions, but devoted some time to con- 
sideration of the ACI JourNAL as a 
record of Institute accomplishments and 
commented on committee activities and 
the value of codes and standards developed 


convention 


Treval C. Powers receives his third (1933, 
1940, 1948) Wason research medal from 
President Walker. 


He concluded 
with the hope that ‘“‘my Institute active 


by Institute committees. 


participation will not end for many years. 
I enjoy my associations with you, the 
members, the officers and the staff, and 
I do not propose to deny myself the 
pleasure of continuing them.” 
Awards presentation 

At the close of his address, Stanton 
Walker 
meeting to make the thirty-second annual 
presentation of the Leonard C. Wason 


resumed chairmanship of the 


medal for the ‘“‘most meritorious paper.”’ 
Recipient this year was Carl A. Menzel, 
whose “Development and Study of the 
and Methods for the De- 
termination of the Air Content of Fresh 
Concrete” appeared in the ACI Journat, 
May 1947. 
The Wason 
research”’ 
Powers and Theodore L. 
“Studies of the Physical 
Hardened Portland Cement Paste’ 


Apparatus 


medal for “noteworthy 


was presented to Treval C. 
srownyard for 
Properties of 
’ 


which 
appeared serially in the ACI Journat, 






















































October 1946 through April 1947. Mr. 
Powers, twice previously a Wason medal- 
ist, accepted the award on behalf of 
himself and Dr. Brownyard who was un- 
able to attend the dinner. 

Richard J. Willson received $300.00 in 
United States savings bonds as token of 
the American Concrete Institute’s Con- 
struction Practice Award for his paper 
“Lining of the Alva B. Adams Tunnel,” 
published in the JourNnAaL, November 
1946. 

Third winner of the Turner medal, 
Frederick KE. Turneaure, honorary mem- 
ber of the Institute and for 35 years dean 
of engineering at the University of Wis- 
consin, was introduced to dinner guests by 
Chairman Walker. The Turner medal for 
notable achievement or service, estab- 
lished in 1927 by past president Henry C. 
Turner, was not presented this year. Most 
recent recipient was Morton O. Withey in 
1947. 

Immediately following award presenta- 
tion, an amendment (for details see p. 9 
November 1947 News Letter) to Institute 
By-Laws was presented on a motion by 
Secretary Whipple. This motion, sec- 
onded and carried without dissent, is now 
subject to membership ratification by 
letter ballot. 


New officers introduced 

F. N. Menefee reported for the tellers 
on canvass of election ballots. The follow- 
ing officers were announced; President, 
Robert F. Blanks, chief, engineering and 
geological control and research, U. 8. 
Bureau of Reclamation, Denver; vice 
president—one-year term, Herbert J. 
Gilkey, head, department of theoretical 
and applied mechanics, Iowa State College 
Ames; vice president, two-year term, 
Frank H. Jackson, principal engineer of 
tests, Public Roads Administration, Wash- 
ington, D. C. Directors elected for a one- 
year termare: R. FE. Copeland, director of 
engineering, National Concrete Masonry 
Association, Chicago, Ill; William H. 
Klein, vice president, Lawrence Portland 
Cement Co., Northampton, Pa.; and 
Paul W. Norton, consulting engineer, 
Boston, Mass. Directors elected for two 


Colorado's Governor Lee Knous told a 
story and welcomed ACI—all in 3 minutes 
at the convention dinner Tuesday. 


years are: Arthur J. Boase, manager, 
structural bureau, Portland Cement Asso- 
ciation, Chicago, Ill.; A. T. Goldbeck, 
engineering director, National Crushed 
Stone Association, Washington, D. C.; 
and George W. Washa, associate pro- 
fessor of mechanics, University of Wis- 
consin, Madison. Three-year directors 
elected are: Hugh P. Bigler, executive 
vice president, Connors Steel Co., Birm- 
ingham, Ala.; Charles H. Scholer, head, 
department of applied mechanics, Kansas 
State College, Manhattan; Myron A. 
Swayze, director of research, Lone Star 
Cement Corp., New York, N. Y.; and 
toderick B. Young, assistant director of 
research, Hydro-Electric Power Commis- 
sion of Ontario, Toronto. Harry F. 
Thomson, president, General Material 
Co., St. Louis, Mo., and Henry L. Ken- 
nedy, Manager of cement division, Dewey 
& Almy Chemical Co., Cambridge, Mass., 
continue as directors for terms of prior 
elections for one and two years respec- 
tively, not subject to reelection this year. 

The five nominees receiving the highest 
number of.votes for the nominating com- 
mittee are: Roy W. Carlson, Raymond E. 
Davis, Frank E. Richart, Charles §8. 
Whitney and Thomas E. Stanton. Pro- 
fessor Carlson, having received the high- 
est number of votes, will act as chairman 
(all have accepted service on a committee 
of eight, including three presidents last 
past— Messrs. Parsons, Gonnerman and 
Walker). 

Chairman Walker introduced newly- 
elected President Blanks, who in turn in- 
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Harmon S. Meissner, Denver's jovial dynamo on convention mechanization—Prof. Charles 


H. Scholer—dinner speaker, Bradley Dewey. 


troduced Ek. W. Thorson, chairman of the 
Mr. Thor- 
son recognized special dinner guests and 
introduced Governor Lee Knous of 
Colorado who prefaced his welcome to 
ACI with a story about the Irishman in 


New York. 
Bradley Dewey speaks on atomic bomb 


Denver convention committee. 


Bradley Dewey, president, Dewey & 
Almy Chemical Co., Cambridge, Mass. 
recalled experiences as member of the 
Evaluation Board of the Joint Chiefs of 
Staff at the Bikini tests as he delivered the 
principal address of the evening. He em- 
phasized that while ‘he spoke as an in- 
dividual, his personal opinions were sub- 
stantially in accord with the evaluation 
presented by the board to the chiefs of 
staff in August 1947. 

An official U. 8. Navy color film of 
“Operation 
Dewey’s formal talk by way of “emotional 
conditioning’ for the recommendations 


’ 


Crossroads” preceded Mr. 


that were to follow. He commented at 
length as the film was shown; techniques 
of operating the remote-controlled “drone” 
planes were noted, special attention given 
to the Geiger counters used in checking 
radioactivity. According to Mr. Dewey, 
several feet of concrete or water offer the 
only practical protection against radia- 
tions following the atomic blast. 
menting the still photographs 
taken at one-second intervals following 
the underwater explosion showed develop- 
ment of the Wilson cloud chamber, its 


Supple- 
movie, 


dissipation and the appearance of sec- 


ondary explosions at ten seconds. 


Bikini “the world’s 


scientific 


tests 


Calling the 


greatest and engineering ey 


periment,”’ Mr. Dewey proposed that the 
of the 


orized by law to launch atomic attack on 


President United States be auth 
our potential enemies known to be pre 
paring an atomic attack on this nation. 
From the maze of findings incident to 
Bikini, Mr. 
personal view of the situation embodied 
(1) while thoroughly 


the evaluation of Dewey's 
four basic points: 
using 
the atomic bomb aggressively, we as a 
nonetheless be completely 
equipped for atomic warfare; (2) the op- 
eration of the Atomie Knergy Commis- 
sion should be carefully studied by Con- 


conditioning our thought against 


nation must 


gress, in the event that legislative changes 
become necessary to effect proper coopera 
tion between the armed services and this 
all-civilian board; (3) an ever-ready long 
range air force is now more than ever 
essential to both defensive and offensive 
warfare; (4) the present legal mechanism 
for declaration of war is too slow for the 
age. The 


potential enemy readying an atomic attack 


atomic President, finding a 
(his findings to be confirmed by a Con 
gressionally-named group) should be able 
to launch immediate attack upon the 
enemy. 

Mr. Dewey concluded with an appeal 
for closer study and more complete under 


standing of the problems presented by 


this new instrument of war these 
problems of defense are important prob 
lems of our national life Why should 


we be afraid to discuss them and to act 
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as our forefathers acted in their time of 
trial? Why are they being neglected or 
dealt. with behind closed doors? 

“David Kk. Lilienthal, chairman, U. 5. 
Atomic Energy Commission — recently 
said, ‘Democracy is doomed to perish 


by default unless the American 


people become informed about atomic 


energy.’ 


“T go further and say they must be 
informed and then back it up with 
weapons and a flexible enough organiza- 


tion to meet any threat of aggression.” 


Open Meeting of Research Committee 115 
Wednesday Morning, February 25 


Stephen J. Chamberlin, chairman and 
George W. Washa, secretary of Com- 
mittee 115 (see photograph below) were 
at hand early Wednesday morning to clock 
participants in this strictly off-the-record 
session. Engineers and research men 
talked shop on problems still in’ the 
laboratory stage of development; tenta- 
tive results were reported from widely 
varied projects. 

Durability figured in the first three in 
formal papers—durability as affected by 
composition and fineness of cement, dur- 


ability affected by thermal properties of 


aggregate, and low air content as a cause 
of conerete disintegration. 

Admixtures of clay and diatomite to 
sawdust concrete were described as de- 
creasing absorption and thermal con- 
ductivity respectively. Preliminary in- 
dications are that diatomite prevents 
cement penetration into the sawdust, thus 
making it possible to decrease the amount 
of cement in the mix. 

\ simple, inexpensive new device for 
continuous measurement of bleeding of 
cement paste was described, and a line 


drawing shown. Results of corrosion re- 


Prof. George W. Washa, Secretary and Prof. Stephen J. Chamberlin, Chairman, Committee 
115, apparently had four eyes on the watch at the annual research session where numerous 


speakers had short time allotments. 
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sistance tests on floors bearing special 
toppings brought audience comments on 
the problem of applying such toppings. 
One member related his experience with 
the formation of air bubbles between con- 
crete base and the coating; these voids 
created a break in bond, and the surface 
layer scaled off under normal wear: 

Data from long-time tests of 3 x 6-in. 
concrete cylinders containing Types I, 
II and III cements were presented to show 
relative merits of the 
types under varying storage conditions. 


several cement 
A progress report was made on research 
activities (at the University of Illinois, 
Cornell and the National 
Bureau of Standards) sponsored by the 
committee on reinforced 
search of the Iron 
Institute. In another organization’s pro- 
gram, effect of cracks 
distribution of stresses in reinforcing steel 
is being Sk-4 
strain gages inside plain reinforcing bars 
embedded in concrete. 


University 


concrete re- 
American and Steel 


concrete upon 


measured by placing 


New design in concrete forms is a per- 
forated metal sheet, lined with muslin; 
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air and water escape through holes in the 
form, and the muslin retains the cement. 

Plastic behavior of concrete has been 
observed to make possible much greater 
load-carrying capacities than design fig- 
ures indicate. Evaluation of this capacity 


may be possible, based on studies of 


stress-strain relationship for concrete 
under high loads. 

Participants in the session were: Walter 
R. Friberg, University of Idaho, Moscow; 
Valens Jones, Bureau of 
Denver; T. M. Kelly, National Bureau of 
Standards, Washington, D. 
B. Kennedy, Waterways Experiment Sta- 
tion, Clinton, Miss.; William 
Portland Cement Association, 
W. J. MeCoy, Lehigh Portland Cement 
Co., Allentown, Fa.; E. W. Seripture, Jt 
Master Ohio; 
and J. 


teclamation 
C.; Thomas 


Lerch 
Chicago; 


Suilders Co., Cleveland 


Neils Thompson, University of 
Texas, Austin. Other participants were: 


Bailey Tremper, State of Washington 
Department of Highways, Olympia; C. A. 
Willson, Iron and Steel In- 
stitute, New York, N. Y.; and Leslie P 


Witte, Bureau of Reclamation, Denver. 


American 


Adoption of Standards, Bond Stress, German Autobahnen 
Stress Distribution in Reinforcing Steel, Restoration of Barker Dam 


Wednesday Afternoon, February 25 


Report of Committee 315 

Chairman Blanks opened the afternoon 
session, introducing Harry Delzell who 
presented a motion to adopt as an In- 
stitute Standard the “Proposed Manual of 
Standard Practice for Detailing 
forced Concrete Structures” (the text as 
published in 1946). The motion, seconded 
and carried unanimously, is now subject 
to letter ballot of the entire ACI member- 
ship. Mr. Delzell reported on behalf of 
Arthur J. Boase, chairman of Committee 
315, who was unable to attend the con- 
vention. 


{ein- 


Report of Committee 604 

Chairman R. W. Spencer of Committee 
604 presented for adoption as an Institute 
standard his committee’s proposed ‘Rec- 
ommended Practice for Winter Concret- 


(ACI JourNnAL, Decembe: 


seconded 


ing Methods” 
1947). The 
carried without discussion, and this pro 


motion was and 
posed standard is also being submitted to 


the entire meynbership for ratification. 
Report of Committee 208, Bond Stress 
H, J. Gilkey 
read the 
mittee 2, 


, chairman, Committee 208 
Subcom 
Richart 


The following remarks have been con- 


progress report of 


prepared by F. E. 


densed from the subcommittee report. 
“In 1947, Subcommittee 2 

was organized by Committee 208 and 

assigned the task of reviewing the ex- 


February 


tensive program of development of im- 
proved bar deformations and the accom- 
panying research on bond resistance of 
the new bars being conducted by steel 
manufacturers and other interested agen- 
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The barbecue line-up 700 strong stretched far to the right in the hydraulics laboratory and 
f.h.b.* word had gone out to Bureau personnel. 
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*tan 1 back i 
ba 

cies. The subcommittee consists of A. P .. This progress report is in no i 
Clark, H. F. Gonnerman, C. A. Menzel way intended as a recommendation on H. 
Albert Smith and IF. k. Richart, chair- allowable stresses in bond. Its purpose 1) 
man. is to inform the Institute membership of i: 
Three meetings have been held during the existence and activities of this sub- he 
the vear. and a critical study has been committee, to call attention to the ex fy 
made of available information. The most cellent development and research pro ‘ 
important sources of test data on com gram of the American Iron and Steel i' 
mercially produced bars of the improved Institute which sponsors the new im- 1. 
type have been the paper by A. P. Clark proved bars, and to give notice to de ei 
see December. 1046. ACI JournNAL) and ‘Signers that changes in allowable bond f 
a report on a second series of tests by Mr. stresses will probably be justified as soon ro 
Clark, as yet unpublished. Both group as the properties of the improved de- my 
of tests were made at the National Bureau formed bars have been established. ri 
of Standards, and the second one included \nother object of this report is to en- It} 
both beam and pullout tests. Other perti- Courage further independent tests of the i" 
nent information considered included new bars and to request the cooperation of Ls 
papers by ©. A. Menzel and unpublished everyone who can supply either test data 4! 
results from the Portland Cement Associa- OF information from field experience with pod 
tion and the University of Illinois. Other the new bars. 'd 
tests now in progress are expected to fill ‘.. Conclusions from current data Mad 


Many gaps in the present information must be subject to several restrictions: (1) 





pls 
i 





Walker and Blanks, outgoing and incoming 
presidents confer on program schedules. 


They apply generally to %-in. bars and 
to concrete of two grades, having strengths 
of 3500 and 5600 psi. (2) They apply to 
new types of bars, and it is assumed that 
the quality of the deformations in com- 
mercially produced bars will be so con- 
trolled as to be at least as good as those 
of the test bars. (3) They are intended to 
apply only to allowable stresses for bond 
on straight bars, without hooks or special 
anchorage of any sort. The subject of 
special anchorage is left for future con- 
sideration. 

“The tests of recent years have demon- 
strated beyond question that the bond 
resistance of top bars of deep concrete 
members is definitely poorer than that of 
bottom bars in such members. This effect 
is so prominent that it is believed that it 
should be recognized in the 
stresses allowed. 

“With the foregoing reservations, the 
committee believes that by the time it can 
make a final report on the subject, certain 
changes in the allowable bond stresses of 
the ACI Building Code will be justified. 
These may include (1) an increase of as 
much as 50 percent over current values for 
improved deformed bars as used in slabs 
or as bottom bars in beams, girders and 
footings, or as vertical bars in columns and 
walls, (2) definitely no increase in allow- 
able bond stresses for improved deformed 
bars used near the tops of beams, girders 


design 


or footings, and (3) a definite decrease in 
current allowable stresses for plain bars, 
used as bottom bars, and a still further 
decrease for plain bars used as top bars. 
(This last conclusion, based on test re- 
sults, reflects the fact that present steel 
mill practice produces plain bars with 
decidedly smoother surfaces than those of 
similar bars 20 to 30 years ago.) 

“It is the hope of the committee that 
this report may focus the attention of 
engineers on the very creditable 
commendable efforts of the steel manu- 
facturers to give the designer a reinforcing 
bar with markedly improved bond charac- 
teristics. = 


and 


Active discussion on this report came 
from L. E. Grinter, A. Carl Weber, I. L. 
Tyler, Chairman Blanks, C. A. Menzel, 
L. H. Tuthill and O. W. Irwin. 


Concrete Pavements on the German Auto- 
bahnen 

by Frank H. Jackson and Harold Allen, 
both of the U. 8. Public Roads Adminis- 
tration, Washington, D. C. was the first 
formal paper of the afternoon session. Mr. 
Jackson read a summary of the paper 
(scheduled for the June ACI Journat) 
and then commented on a series of slides 
photographs taken during his inspection 
trip in Germany last summer. 

Scaling and disintegration of the pave- 
ments were almost non-existent; one out- 
standing surface characteristic was the 
absence of the heavy layer of surface mor- 
tar commonly found on U. 8. pavements 
The excellent quality of the concrete was 
attributed to factors: (1) high 
quality aggregates, (2) low water-cement 
ratio, (3) thorough consolidation by tamp- 
ing and vibrating a very dry mix with 
about 1-in. maximum 
thorough curing, and (5) the compara- 
tively mild climate. German 
were definitely inferior as judged by 
American standards, but “whether they 


several 


aggregate, (4) 


cements 


were actually inferior remains to be seen.” 
Laboratory Measurements of Stress Dis- 
tribution in Reinforcing Steel 

written by Douglas McHenry and W. T. 
Walker, both of the structural research 
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Bureau of Reclamation, 
Denver, was delivered to the convention 
audience by Mr. McHenry. This paper, 
scheduled for June publication, told how 
SR-4 gages, intervals 
along reinforcing bars, are being used to 
secure information regarding stress dis- 


section, U. 8. 


spaced at close 


tribution, maximum bond stress and con- 
centration at Some of the 20 
illustrations actual, measured 
stress distribution for four bar types under 
Further 
applications of SR-4 gages to this type of 
Brief 
discussion from the floor was presented by 
Frank Kerekes. 


cracks. 
showed 


varied conditions of loadings. 


concrete research were suggested. 


Restoration of Barker Dam 


by Raymond E. Davis, E. Clinton Jansen 
and W. T. 


Professor 


Neelands was presented by 
Davis. This paper (published 


this month, see JouRNAL p. 633) gave the 
history of Barker Dam construction and 
repair. Preparation of precast-slab forms, 
packing of aggregate behind the forms and 
subsequent grouting operations were de- 
scribed in detail. A discussion prepared 
by Paul Baumann, Los Angeles County 
Flood Control District, was read by M. R. 
Ros, consulting engineer of Zurich, 
Switzerland. The information presented 
by Mr. Ros covered construction in 
Switzerland of an entire dam using precast- 
slab forms and grouted aggregate. This 
gravity dam was described as medium 
size, containing about 350,000 cu yd of 
material. 

Following Mr. Ros’ talk, L. B. Card, 
mechanical engineer for the Public Service 
Co. of Colorado, presented motion pic- 
tures in color taken while work was in 
progress on Barker Dam. 


What Progress with Concrete in Twenty-Five Years 
Wednesday Evening, February 25 


Chairman Walker called to order the 
closing session of the 44th annual con- 
vention Wednesday evening, February 25, 
with a brief meeting of the Board of Di- 
rection presided over by new president, 
Robert F. Blanks. The Board approved 
authorization of depository banks, ap- 
pointed its executive committee, certified 
election of officers, thanked the Denver 
committee and expressed gratitude to re- 
tiring Board Roy W. Crum, 
Raymond E. Davis and Morton O. Withey 


members 


Was It Progress and Was It Enough? 


queried Waldo G. Bowman, editor En- 
gineering News-Record and Construction 
Methods, in opening the symposium. Mr. 
Bowman spoke as the professional heir of 
Engineering News Record editors, whose 
editorial of Feb. 1, 1923, ‘“‘SSome Doubts 
About (ACI JourNAL, Jan- 
uary 1948) inspired the symposium. Mr. 
Bowman’s paper appears with the com- 
plete group in this JouRNAL, p. 693. 


Concrete” 


It Was Progress—But Not Enough 

was P. H. Bates’ answer to the question. 
In Mr. Bates’ absence, Douglas E. Parsons 
read the paper which recalled a variety 
of experiences with concrete in the last 25 
or more years. These reminiscences 
touched upon changes in the cement in- 
dustry, the growing awareness of reactive 
alkali in cement, development of aggre- 
gate studies and difficulties encountered 
in formulating codes and standards. 


Comments on Changes in Cement Speci- 
fications and Concrete Practice During the 
Past Twenty-Five Years 

were made by J. C. Pearson and presented 
to the convention audience on his behalf 
by C. H. Scholer. These comments enu- 
merated changes in cement specifications 
since 1921, listed major advances in the 
cement field, called attention to Abrams’ 
water-cement ratio and MeMillan’s Con- 
crete Primer as landmarks of progress in 
concrete, and emphasized the importance 
of consistency and consistency control. 











Part of the Missouri delegation (post barbecue)—back row: 
Kretschmar, Mrs. Kretschmar, J. J. Brouk, G 
Brouk, ACI Director Harry F. Thomson, William Becker, Mrs. Becker and Mrs. Thomson. 
(They were noticeable in green paper hats at the dinner Tuesday evening.) 


As this story goes to press, word has just 


been received in the Institute office of 
Mr. Pearson’s death (see p. 37, News 
Letter). 


Following Professor Scholer’s presenta- 
tion, the first three papers having special 
reference to cements, A. Allan Bates, rose 
with folksy comments on the parallel of a 
family’s ‘“‘growing-up”’ period. 
Improvements in Highway Pavement Con- 
struction 
by Roy W. Crum, suggested that the most 
significant development in concrete pave- 
ment construction practice in the past 25 
years has been, not in the concrete itself, 
but in the attention to the foundation 
upon which the concrete is laid. 
mented briefly also upon mix design, 
durability, design of cross section and rein- 
forcing and joints. 


He com- 


Advances in Reinforced Concrete During 
the Past Quarter of a Century 


written by Frank E. Richart was _ pre- 


Elmer Oecchsle, Ernest 


. O. Rogan and A. C. Weber—front row: Mrs. 


sented by H. J. Gilkey. 
fully outlined 
theory for 


The paper care- 
developments in design 
flexural 


bond; traced 


members, diagonal 


tension, development of 
footings, flat slabs, highway bridges, arch 
bridges and other structures and struc- 
tural members; touched upon effect of 
shrinkage and 


creep, prestressing; and 


criticized present-day inspection practices. 


Concrete Durability: 


Twenty-Five Years of 
Progress 


was Roderick B. Young’s contribution to 
this evaluation of concrete developments. 
Mr. Young cited durability studies of the 
past, listed new developments which 
make for increased durability (air-entrain- 
ing cements and pozzolanic cements), and 
pointed out phases of work yet to be done 
Informal dis- 


Walker, M. O. 
Withey and R. C. Sandberg concluded the 


in improving durability. 


cussion by Chairman 


program. 


Even with unusually large attendance in the meetings, the exhibits had a steady stream of 
visitors. The picture shows but one small portion of the exhibit area. 
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Inspection ical eaiae Creek Dam and Colorado-Big Thompson Project 
Thursday, February 26 


Cherry Creek Dam and Reservoir 

This trip, shorter of the two offered, 
required only Thursday morning. Buses 
left the hotel at 9 a.m. and returned about 
noon, 

Ordinarily Cherry Creek is a harmless- 
looking little stream—hardly a stream at 
all—but its watershed is subject to torren- 
tial downpours which turn it into the 
“Tiger of the Plains.” The first major 
flood of record occurred May 19, 1864. 
No discharge records are available, but 
the flood demolished buildings and bridges 
and claimed 19 lives in the new frontier 
city of Denver. There have been eight 
major floods since, and to protect the 
city from these the channel of the stream 
Had the 
storm of May 1935 (during which a 
weather station at the center reported 24 


has been enlarged and walled. 


in. of rainfall in 6 hours) been centered 
over Cherry Creek basin instead of ad- 
jacent to it, the resulting flood would 
have topped any existing flood control 
structure on the creek. 

The primary purpose of the project 
now under way is to completely protect 
Denver from floods on Cherry Creek, but 
it will also provide storage capacity for 
irrigation. 

The dam will be rolled earth-fill 140 ft 
above stream bed and will contain about 
13 million cu yd. The outlet works will 
contain about one-half the concrete used 
in the project; intake tower will be 174 
ft high; conduit about 22 ft high, 44 ft 
wide and 710 ft long, containing one 
center tube 12 ft in diameter and two side 
tubes of extended circular cross section, 
8 x 12 ft. 


Two ACI staff members savor the tang of 
bison—Jean Williams, membership secre- 
— and Secretary Whipple—This on a 
railing edge in the hydraulics laboratory. 


There were always interested by-standers 
at the impressive scale model of the Colo- 
rado-Big Thompson project in the exhibit 
area at the convention. 


\ spillway canal 12,000 ft long will cut 
through a low hill northeast of the dam 
and discharge into Tollgate Creek and 
flows will completely bypass the city of 
Denver. 

Construction of the outlet works started 

1 July 1947 and at 
spection trip was about 33 percent com- 
pleted. 


the time of the in- 


Contract for the embankment and spill- 
way was awarded in November 1947 and 
is scheduled for completion in December 
1949. The project is being constructed 
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by the Corps of Engineers under the 
supervision of the District 
Denver District. 


Engineer, 


(Note: Information taken from folder ‘‘Cherry 
Creek Dam and Reservoir, Arapahoe County, 
Colorado,” distributed by Office of the District 
Engineer, Department of the Army, Denver, 
Colorado.) 


Estes Park A\rea, Colorado-Big Thompson 
Project 

The Colorado-Big Thompson 
of the U. 8S. Bureau of Reclamation, al- 
though not yet completed, is now bringing 
Colorado River water through the Con- 


Project 


tinental Divide in the Alva B. Adams 
Tunnel to Colorado’s eastern plains 
where land is available for its use. About 
eight bus loads of convention visitors 


signed up for the 140-mile trip to the 
vicinity of the village of Estes Park and 
nearby Rocky Mountain National Park to 
see some of the construction features of the 
project. Buses left the Lincoln 
entrance of the Shirley-Savoy promptly 
at 7:30 Thursday morning and went 
north and west through the city of Boulder 
to Lyons where a brief stop gave all an 
opportunity to get out and stretch a bit 
and get the first breath of the cool, clear 
air of the foothills. Resuming the trip the 
caravan proceeded through Estes Park 
to the east portal of the Alva B. Adams 
Tunnel. The lining of this 68,810-ft 
(13.03 miles) tunnel was the subject of 
the paper by Richard J. Willson which won 
the 1947 ACI 


Award.* As seen from the east portal 


Street 


Construction Practice 


* Lining of the Alva B. Adams Tunnel,” ACI 
JOURNAL, Nov. 1946, Proc. V. 43, p. 209. 


Two im 


Mrs. Erma Guenther. 
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about 700 ft below the 


outlet and across the reservoir, the tunnel] 


reservoir dam, 


seemed insignificant indeed as compared 
Actually 
this concrete-lined tunnel is 9 ft 9 in. in 


to the mountain range it pierces. 


diameter and has a carrying capacity of 
550 second ft of water, slightly less than a 
quarter of a million gallons per minute. 
The east portal reservoir dam with a 
78-ft high concrete core wall in a com- 
pacted rock-fill embankment includes the 
outlet structure to Aspen Creek Siphon. 
The siphon extends from the reservoir 
to the west portal of Rams Horn Tunnel. 
It is of 
inside diameter and 1.32 miles long. 


reinforced concrete 10 ft 9 in. 
From 
the dam a long stretch of the completed 
siphon could be seen before being back- 
filled with a minimum of 5 ft of cover. 
The tocky Moun- 
tain offered magnificent 


construction site in 
National Park 
views of the snow-capped peaks of the 
Mummy Range and of Rams Horn Moun- 
tain as the brilliant white snow of two 
days before covered the ugly scars of 
construction. 

teturning to Estes Park about noon, a 
delicious, ample box lunch and hot coffee 
were served at the Kstes Park American 
Legion Hall. After lunch, half an hour to 
stroll about this quaint little mountain 
town and enjoy the mild weather (60 F 
in the shade) and sunshine was a real 
treat for visitors from the severe winter 
weather areas “‘back east.” 

From Estes Park the trip went on to 
the site of the Mary’s Lake penstock, 
power plant and reservoir, all in a pictur- 


rtant convention personages smile for the camera as they did for 886 registrants— 
both of them immense! deuad with the Denver success: 
es Guenther is Robert F. Blanks’ secretary, at the Bureau of Recla- 


Mrs. Ethel B. Wilson (left) and 


mation and was in charge of sales of tickets for the Bureau luncheon, the annual dinner, and 


for the two inspection trips into the Rocky's foothills. 


Mrs. Wilson was in charge of 
ACI Denver registration, as she has been 
for 25 successive ACI conventions. She 
celebrates her 25th anniversary with ACI 
on April 16. Her responsibilities have 
grown with ACI. he is Assistant 
Treasurer (adding her strain of Scot can- 
niness to ACI accounting) and looks after 
Journal advertising sales 


The program dinner is ‘‘no fooling''—President Walker (knowing that every program 
participant had advance knowledge of a time table) politely asks each one how much time 
he thinks he needs, while Assistant Secretary Van Atta totals the ‘‘minutes” for each 


session. With President-elect Blanks [nee Chairman Technical Activities Committee) 
interposing in tight spots, Mr. Walker tells each one what time he can have. 


esque valley near the locale of Earl Derr 
siggers’ story, “Seven Keys to Baldpate.” 
The buses did not stop at the power plant 
site because of lack of parking space, but 
went on around the lake. Looking back, 
the clearing and excavation for the pen- 
stock and power plant could be seen. The 
penstock extends from the east end of 
Rams Horn Tunnel down the mountain- 
side 521 ft to the power house. It is 96 
in. in diameter, made of plate steel vary- 
ing in thickness from 4% in. to ym in. The 
spillway, 680 ft long will be of reinforced 
concrete, 

Mary's Lake reservoir will regulate 
water in the generation of power at the 
Istes Power plant. Its capacity is being 
increased by the construction of two dikes. 
From the northeast dike of Mary’s Lake, 
Prospect Mountain Conduit extends 0.60 
miles to the south portal of Prospect 





Mountain Tunnel. The conduit is of the 
pressure type, reinforced-concrete lined, 
circular inside with a diameter of 12 ft 
6 in. 

\ short bus ride took the group to the 
south portal of the Prospect Mountain 
Tunnel which is about a mile long. The 
more venturesome walked into the tunnel 
a hundred feet or so to examine the con- 
crete lining. 

A 10 to 15-minute bus trip then carried 
the party to the surge tank near the out- 
let of the tunnel. This tank, which will 
protect the works from Mary’s Lake to 
the Estes Park power plant, is constructed 
in the mountain side over the tunnel. It 
is 50 ft in diameter and about 100 ft 
high, lined with reinforced concrete. 
From the top of the surge tank there was 
an excellent view down the axis of the 


penstocks to the Estes Power Plant. In . 
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the valley below could also be seen the point (15.4 per 100,000). Mr. Walker 
town of Estes Park, the U. 8. Bureau of named Professor Withey to investigate 


and the 
teservoir. 


Reclamation construction village, 
site of Olympus Dam 
Olympus Dam will have a gravity type 
concrete spillway section at the right 
abutment and an earth embankment from 
the concrete 


and 


section, across the river 
channel to the left abutment. Total 
crest length will be about 1800 ft and 


maximum height above river bed will be 
about 56 ft. Located Big 
Thompson River about 114 miles below 
the town of Estes Park, 

form the afterbay 
Plant. 

Stopping briefly at the project office to 
drop the guide the party returned to 
Denver by way of South St. Vrain Canyon 
through some of Colorado’s most scenic 
grandeur, arriving back in Denver about 
5:15. One bus omitted the long return 
trip and dropped its passengers at the 


across the 


its reservoir will 
of the Estes Power 


Union Depot in time for afternoon trains. 


Convention briefs 

On the side lines of the evening session 
Wednesday; president-elect Blanks asked 
for the figures on Colorado’s ACI mem- 
bership density from Mary Krumboltz 
(ACI engineering assistant) and Secretary 
Whipple. Mr. Blanks jotted down notes; 
asked President Walker to make 
nouncement: ‘‘Colorado is highest of the 
states in 


an 4fn- 


ACI membership density with 
154 members per 100,000 of state popu- 
lation.”” The Secretary ‘‘fell’” for the 
trick, rose to “point of order’ on decimal 


Miss re seg (civil oranen at ~ journal- 
istic training from lowa State College, who 


joined ACI staff July 1, 1947 and made her 
convention debut at Denver) is here in the 
middle—see “‘brief'’ above and note Presi- 
dent Blanks’ poised pencil. 










Final verdict: ‘“The 
Secretary is chided for neglecting decimal 


and to report later. 


points.” (Privately Blanks said his 
pencil point broke on the decimal.) Any- 
way, Colorado with 15.4 members per 


100,000 people, had a membership density 
nearly 4 times that of California which on 
February 1 had passed New York as top 
membership state. Californians rising 
to the occasion, are talking about the 1951 


convention. 


W iscon- 
sin, speaking in a meeting of Committee 


R. A. Burmeister, Milwaukee, 
613, suggested that the water-cement ratio 


law is a “cloud through which we are try- 
ing to peer at the true qualities of con- 
crete.’’-—Later comments by Prof. C. H. 
Scholer in the 


same meeting expressed 


the desire for an Institute paper on “How 
Batches of Concrete 


When Everything is Diff- 


Two 


Alike 


to Design 
Exactly 
erent.” 


“The best professional meeting I ever 
this (and he has 
many professional meetings) 
tiddle of the 
England. 


attended in country” 
attended 
ae, oF 


Station, 


Suilding Research 


After the 
tasting 


buffalo ribs, 
Harry C. 
Concrete 


still 
Delzell, 
{einloreing 


barbecued 
reminiscently, 

managing director, 
Steel Institute, asked if there wasn’t some 


Wason 
perhaps, 


way to award a medal, the re- 


search award, to the chap who 


barbecued the bison. 


Mrs. 
contributor to the 


A( ‘I Member and 
‘destructive 


tuth Terzaghi, 
agencies’ 
session was the first woman to participate 
ACI program since 1922 
in Cleveland when the late Gleason 


in an technical 


Kate 


recounted her experiences in the con- 


struction of concrete houses 
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Who's Who This Mouth 





Stanton Walker 
director of engineering of the 
Sand 


National Ready Mixed Concrete Associa- 


National 


and Gravel Association and the 


Institute 
presidency in February with the tradi- 


tion, completed his term of 
tional ‘‘address of the retiring president” 
605). Mr. Walker’s 


activities are too wide 


(seep. Institute 


and too well- 
remembered to detail. Be- 
ginning with the publication of his first 
ACI paper in 1920, he has 


through with some ten more papers, mem- 


recount in 
followed 


bership in the Advisory, Standards, Pub- 


lications and Technical Activities Com- 


mittees, 5 years as a director, 2 years a 


vice president and the just-completed 


term as president. 

A native of Indiana and a graduate of 
the University of Illinois, Mr. Walker is a 
A.8.C.E., A.8.T.M.., 


associate member of the 


member of the 
A.I.M.M.E., 
A.R.E.A., 
ciety of 


member of the Washington So- 


engineers and the American 


Foundrymen’s Association. 


Thomas G. Taylor 
“Effect. of Black and 
Black Iron Oxide on the Air Content and 
Durability of Concrete,” p. 


author of Carbon 


613, records 
results of tests of black coloring materials 


on mortar and concrete specimens and 


suggests criteria for choosing coloring 
agents for use in air-entraining concrete. 
Mr. ‘Taylor 


science degree in architectural engineering 


received his bachelor of 
at the University of Illinois and a master’s 
degree in theoretical and applied mee- 
hanics from the same institution, 

1037 to 1941 he 
engineer for the Portland Cement 


From was associate 
Anso- 
ciation. During the war years he worked 
U. 8 
Army bases in Newfoundland from 1941 
to 1943 and with the U. 8S. Maritime Com- 
mission on concrete ship construction in 


1943 to 1045 In 1045 he 


as concrete control engineer on 


Florida from 


‘returned to the P.C.A, 


as research engi- 
neer. Mr. Taylor has been an ACI mem- 
ber since 1937. 
Willard H. Parsons and 
Herbert Insley 
have 


Alkali- 


for presentation to 


made “Observations on 


Aggregate Reaction” 
JOURNAL readers this month, p. 625. This 
brief paper (with photo-micrograph illus- 
trations) lends support to some already 
recognized data on mechanical disruption 
ol concrete 

Willard 
previous contributions to ACT literature, 
graduated from Hamilton College, Clin- 
N. Y., in 1933, attended Princeton 
University and received his Ph.D. degree 
1936. 1941 he was 
geology instructor at Hamilton 
and did summer field research 


refutes some other theories. 


Parsons, who has made two 


ton, 
there in Then, until 
College 
work on 
voleanic rocks in Wyoming and Montana. 
In June 1941 he became assistant petrog- 
National 
where he 


rapher with the Bureau of 


Standards worked on = micro- 
scopic examination of cements, ceramics 
and optical glass. 


In 1946 Mr. 


present position of associate professor of 


Parsons assumed his 


geology at Wayne University where he 
has been busy teaching and developing a 
separate department Now 
that department, he is a 
member of Sigma Xi, the Yellowstone- 
Bighorn Research Association, the Ameri- 


of geology. 
chairman of 


can Geophysical Union and the Mineral- 
ogical Society of America, 

Herbert Insley received his Ph.D. from 
1919 and 
began work as assistant geologist for the 


Johns Hopkins University in 


United States Geological Survey, spending 
\ftera 
States 


some time on field work in Alaska. 
half at the United 
jureau of Mines Experiment Station in 


year and a 
Pittsburgh in the petrographic study of 
mine dust, he joined the staff of the Na- 
tional 19922. 


Bureau of Standards in 
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There his duties involved studies of 
structure and chemical reaction of sili- 
cates with special reference to their tech- 
nical applications in ceramics, refractories 
and cements. For some one and a half 
years he was head of the department of 
earth sciences at Pennsylvania State 
College; on July 1, 1947 he returned to the 
National Bureau of Standards as chief of 
the mineral products division in which 
capacity he now serves. 

Mr. Insley is a co-author (with F. P. 
Hall) of “Phase Diagrams for the Cera- 
mist,’”’ a compilation published by the 
American Ceramic Society. 


Raymond E. Davis, E. Clinton 
Jansen and W. T. Neelands 

whose Denver convention paper “Res- 
toration of Barker Dam” is on p. 633, 
discuss history of the dam’s construction 
and factors governing choice of repair 
method as well as the actual restoration 
processes. 

Prof. Raymond E. Davis, featured in 
the March News Letter, p. 11, as winner 
of the Honor Roll for 1947, scarcely needs 
introduction to regular JOURNAL readers. 
Past president of the Institute, author of 
many papers, twice a Wason medalist, he 
retired from the Board of Direction last 
month after 18 years of continuous service 
with that body. 

Graduating from the University of 
Maine in 1911, Professor Davis went to 
the University of Illinois where he taught 
for 7 years, receiving his M.S. degree 
there in 1916. After a year as associate 
professor of civil engineering at the Uni- 
versity of Nebraska, in 1920 he went to 
the University of California where he is 
now professor of civil engineering and di- 
rector of the Engineering Materials 
Laboratory. 

E. Clinton Jansen served from 1907 to 
1916 as hydraulic engineer with the Cen- 
tral Colorado Power Co. and the Colorado 
Power Co. From 1916 to 1924 he was 
chief engineer for the Colorado Power Co. 
In 1924 he became hydraulic engineer of 
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the Public Service Co. of Colorado, in 
which capacity he was associated with the 
work on Barker Dam. 
tired from this position, and from active 
work in general, August 1, 1947. 


Mr. Jansen re- 


In addition to his ACI membership 
which began in 1944, he is a life member of 
the American Society of Civil Engineers 
and an associate member of the Institution 
of Civil Engineers (London). 

W. T. Neelands, resident engineer at 
Barker Dam from March 1946 to Sep- 
tember 1947, has been an ACI Member 
since 1943. From 1936 to 1940 he was 
inspector, general construction, for the 
U. S. Bureau of Reclamation at Grand 
Coulee Dam, Washington, and from 1940 
to March 1943 served in a similar capacity 
at Shasta Dam, Redding, California. He 
then joined Barrett and Hilp Contractors 
as assistant concrete engineering during 
the construction of 20 concrete barges at 
San Francisco, Calif. He was co-author 
(with FE. B. Hanson, Jr.) of “The Effeet of 
Curing Condition on Compressive, Ten- 
sile and Flexural Strength of Concrete 
Containing Haydite Aggregate’ (ACI 
JOURNAL, November 1944, Proc. V. 41, p. 
105) which was based on tests of light- 
weight concrete during this ship-building 
program. 

In 1944 Mr. Neelands worked briefly 
as ship supervisor for Permanente Metals 
Corp. Since termination of his work at 
Barker Dam, he has been materials en- 
gineer on the Clark Hills Project of the 
War Department, Corps of Engineers, 
Savannah District, at Augusta, Georgia. 


Michel Bakhoum 


whose “Normal Stresses in Reinforced 
Concrete under Unsymmetrical Bending” 
appears on p. 669 was introduced to 
JOURNAL readers in February (News 
Letter, p. 10) when his paper on sym- 
metrical bending appeared. The three 
types of analysis presented this month 
were made originally at Fouad I Uni- 
versity, Giza, Egypt and formed a part of 
Mr. Bakhoum’s thesis for his M.S. degree 
in 1942. 
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Waldo G. Bowman, P. H. Bates, 
. C. Pearson, Roy W. Crum, Frank 
. Richart and Roderick B. Young 


aroused the interest of a Denver conven- 
tion audience with the long-awaited sym- 
posium on 25 years of concrete progress, 
published this month p. 693. Waldo G. 
Bowman, editor, Engineering News-Rec- 
ord and Construction Methods \eads with 
“Was It Progress and Was it Enough?’’, 
echoing the sentiment of his predecessors 
who wrote “Some Doubts about Con- 
crete,” (Jan. JOURNAL, p. 345) 25 years 
ago. Five past presidents of the Institute 
answer for several phases of concrete 
development. 

P. H. Bates, Turner medalist, former 
president of the American Society for 
Testing Materials, and retired chief of 
the National Bureau of Standards’ clay 
and silicate products division says “It 
was Progress-——But Not Enough.” 

J. C, Pearson* makes “Comments on 
Changes in Cement Specifications and 
Concrete Practices During the Past 25 
Years.”” Mr. Pearson recently retired 
from his position as director of research, 
Lehigh Portland Cement Co. Roy W. 
Crum, director of the Highway Research 
Board, National Research Council, of the 
National Academy of Science presents 
“Highway Pavements,” and traces a 
quarter-century of development in his 
special concrete interest. 

Frank I. Richart notes the “Advances 
in Reinforced Concrete During the Past 
Quarter Century.” A Wason medalist 
and frequent JouRNAL contributor, Mr. 
tichart is research professor of engineer- 
ing materials at the University of Illinois. 
toderick B. Young, also a Wason medal- 
ist, assistant director of research, Hydro- 
electric Power Commission of Ontario, 
writes on “Concrete Durability: Twenty- 


, 


Five Years of Progress.’ 


William Lerch and C. L. Ford 


continue the long-time study series with 
Chapter 3, ‘“Chemical and Physical Tests 
of the Cement,” p. 745. 


*Mr. Pearson died March 16. See News Letter 
Pp. 37. 
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Mr. Lerch received his B.S. degree 
from Beloit College and an M.S. in 
chemistry from the University of Wis- 
consin, and has served continuously with 
the Portland Cement Association since 
1923. From 1924 to 1940 he was with the 
P.C.A. Fellowship staff at the National 
Bureau of Standards, and he has pub- 
lished numerous papers on the chemistry 
of cement and concrete. On January 1, 
1947 he became manager of applied re- 
search for the association. He has been 
a member of the Institute since 1945. 

Last year he received the Sanford E. 
Thompson award of the American So- 
ciety for Testing Materials for “a paper 
of outstanding merit on concrete and con- 
crete aggregate.”’ The paper dealt with 
the influence of gypsum on the hydration 
and properties of portland cement paste. 

C. L. Ford graduated from the Uni- 
versity of Chicago in 1920 and has been 
with the Portland Cement Association’s 
research laboratory for nearly 25 years. 
In 1937 he was appointed to his present 
position as chief of the analytical labora- 
tory. Well known among cement chem- 
ists, he has been an active participant in 
cooperative studies of A.S.T.M. Com- 
mittee C-1 in developing new and im- 
proved methods for chemical analysis of 
portland cement and associate materials. 
He is a member of the American Chemical 
Society. 


Neu Members 


The Board of Direction approved 106 
applications (80 Individual, 6 Corpora- 
tion, § Junior, 12 Students) received in 
February. 

The Membership total on March | 
1948, after adjustment for a few losses by 


’ 


death, resignation and for non-payment 

of dues, was 3976. 

Individual 

Abbey, Robert J., P. O. Box 667, Caldwell, 
Idaho 

Abdun-Nur, Edward A., Bureau of Re- 
clamation, D. F. C., Denver, Colo. 
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Abrams, Ned H., 149 New Montgomery 
St., San Francisco, Calif. 

Avalos, Rafael E. Gomez, San Miguel 40 
Santa Clara, Las Villas, Cuba 

1001-6 IXmpire Bldg. 
Birmingham, Ala. 

Baumann, Paul, 1808 Palmas Drive, San 
Marino 9, Calif. 


Beatty, James L., Box 2, Station 10, 


Basenberg, F. C., 


Guam, Guam 

Binder, R. W., 348 N. Ridgewood Place, 
Los Angeles 4, Calif. 

Bloodgood, Grant, U. S. Bureau of Re- 
clamation, D. F. C., Denver, Colo. 

Bonnett, Louis J., P. O. Box 551, Fort 
Collins, Colo. 

Bowman, Alfred B., 524 Reese, Memphis 
11, Tenn. 

soyd, James Kennerly, Box 1202, Estes 
Park, Colo. 

suler, Arthur J., 67 Rico Way, San Fran 
cisco, Calif. 

jurnham, Raymond, 930 Ic. 45th St 


Chicago 15, Ill. 


= 


‘arbone, Eng A., 7, Wellesley Place, 


Calcutta 1, India 


~ 


‘arper, Earl R., 1300 Jones St., San 
Francisco, Calif, 

lark, Anthony Henry, 3 Alder Hill 
Grove, Leeds 7, Iengland 

ollier, Harold E., P. O. Box 915, ¢/o 
Corps of Engineers, Augusta, Ga. 


= 


~ 


~ 


‘onahey, George, P. O. Box 901, Oxnard 
Calif. 


‘ore, Carroll Brown, Cementos Portland 


a 


del Bajio, Apartado 292, Leon, Gto 
Mexico 

deWinter, M., P. O. Box 5105, Johanne 
burg, S. Africa 

Dickey, Walter L., 149 New Mont 
gomery, San Francisco, Calif. 

Fanning, Fred, P. O. Box 5688, Dalla 
Texas 

Kaus, Russell W., c/o U.S. Bureau of Re- 
Clamation, Heart Mountain, Wyo 

Ford, George W., c/o The H. C. Nutting 
Co., 1010 N. W. 20th St., Miami 37, 
Mla. 

Foster, James L., County Road Comm. of 
Inyo County, Independence, Calif. 

Franx, C., Cyemeentewerken, Feemarkt 
2, Rotterdam, Holland 
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Contains no tar, is not an emulsion. 
wet or dry surfaces and gives lasting protection to 
concrete, steel, masonry or other surfaces. 
new, illustrated folder on SIKA SEAL—for surface 
protection. 


SIKA CHEMICAL CORPORATION 


37 Gregory Avenue 


PROTECT CONCRETE and STEEL 


—with SIKA SEAL 


Adheres firmly to 


Write for 


Passaic, N. J. 





Gardner, Stephen V., F. R. Hipperson & 
Son Ltd., 6 Broad St. Place, London i 
©, 2, England 

Garrick, John A. Jr., 
Baltimore 17, Md. 

Gish, Henry J., 304 Grand Ave., 
Bldg., Kansas City, Mo. 

Gould, Myron C., 149 New Montgomery 
St., San Francisco, Calif. 

Graffin, Arthur C., ¢/o Cemenstone Corp., 
Neville Island, Pittsburgh 25, Pa 

Hotel 
Second & Peterboro, Detroit 1, 

Haynes, ki. R., 
Wash. 

Heidler, Carlos, 2770 Taft 
tizal, Philippines 

William <A., 791 

Denver, Colo. 

R., P. ©. 


1615 Belton St., 


sank 


Greenberg, Robert 5S., Seville, 


Mich. 


2028 W. Sinto, Spokane, 
Ave., Pasay, 
Helling Kudora St., 
Helmkamp, A. 


Calif. 
Holmes 


30x 204, Colusa, 

tobert A., ¢/o U. S. Bureau of 
Reclamation, Orange Cove, Calif. 

Holroyd, J. A., 7220 Manitow Custer Rd., 
‘Tacoma, Wash 

Hutcheroft, Clyde R c/o 
Mattison Co., Ambler, Pa 

Norman W., 208 E. 
‘Tucumeari, N. M 

Keisling, Charles I 


Keasbey «& 
Keefer, Aber St., 


Albuquerque, N. M. 


Kelly, Frank k., P. O. Box 666, Eureka, 
Calif. 
Kelly, Thomas Alfred, 1592 Maple St., 


(Golden, Colo. 
Kennedy, 

Ave., Holyoke, Mass. 
Kennoy, J. 8., 607 8. Broadway, Lexing- 
ton 20, Ky. 


Douglass James, 8 O'Connor 


Kitts, James W., Pacific Coast Aggregates 
Inc., P. O. Box 300, Tracy, Calif. 

Knoettge, Carl H., 1350 Sherman, Denver, 
Colo. 

Kuuskoski, Viljo Nikolai, Helsinki, Merik 
35 A2, Finland 

Levinton, Zusse, 780 Grand Concourse, 
New York 51, N. Y. 

Mardorf, Erwin C., P. O. 
River, La. 

Marquez, William, No. 552 Bouret Ave., 
Santurce 34, Puerto Rico 


sox 316, Pearl 


Maynard, Barron H., Road Commissioner, 
County Amador, Jackson, Calif, 

MeCabe, Francis R., P.O. Box 343, 
Cottage Grove, Ore. 

McLeod, 1401 Ave. C. 
North, Saskatoon, Sask., Canada 

Miller, William Elwood, 73 Tumalo Ave., 
Bend, Ore. 

Mulkey, Wendell T., Box 
City, Wash. 

Murray, James A., Rm 


George Carrol, 


O83, 


Coulee 


7-006, M. I. T., 
Cambridge 39, Mass 


Paterson, Neville Lloyd, c/o Fletcher 
Holdings Ltd., 135-137 Nelson = St., 
Auckland, New Zealand 

Patton, Francis H., 816 Hopper St., 


Antioch, Calif. 
Paluszak, John Henry, 824 19th St. CH 
A No. 3, Honolulu, T. H., 
Porter, W. A., Porter's Cement 
tries (Rhodesia) Ltd., P. O. 
Salisbury, 8. 


Indus- 
Sox 600, 
Rhodesia 
Richards, Floyd L., Northwestern Port 
(Grotto, Wash 
Riemann, Armando, Iturbide 45, San Luis 

Potosi, 8. L. P., Mexico 


land Cement Co., 
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Rinne, Clarence, 1501 Morse Blvd., San 
Carlos, Calif. 

Rosenthal, Hyman, 76 Sixth Ave., San 
Francisco 18, Calif. 

Rosumny, Mark R., Manager, Seattle 
Office, Pittsburgh Testing Laboratory, 
Seattle, Wash. 

Sanchez, Roberto A., Box 4109, San Juan, 
Puerto Rico 

Sarmiento, Juan A., General Canterac 178, 
Lima, Peru 

Short, Jack S., 408 Patterson Ave., Glen- 
dale 3, Calif. 

Simpson, Willard E., 945 Milam Bldg., 
San Antonio 5, Texas 

Skinner, Robert P., c/o U. S. Bureau of 
Reclamation, Irwin, Idaho 

Smith, Elmer, ¢/o Denver Fire Clay Co., 
P. O. Box 836, Salt Lake City, Utah 

Snaevarr, Arni, Bergartun F., Reykjavik, 
Iceland 

Soucek, Edward, 5711 Mason St., Omaha 
6, Nebr. 

Van de Greyn, E. B., P. O. Box 1202, 
Santa Fe, New Mexico 

Weigand, Henry A., 22 N. 16th St., San 
Jose, Calif. 

Winkworth, John William 7337 Curtis 
Ave., Detroit 21, Mich. 

Wood, Dan W., 1440 llth St., Denver, 
Colo. 

Wright, William T., 816 W. 5th St., Rm. 
202, Los Angeles 13, Calif. 


Corporation 

Airox Company, 307 W. Sth St., Los An- 
geles, Calif. (CHarles H. Pomeroy Jr.) 

Christiani-Nielsen Engenheiros e Con- 
strutores 8S. A., Avenida Nilo Pocanha 
151, 20, Rio de Janeiro, Brazil (Thor- 
vald Johns) 

Walt Keeler Co., Inc., P. O. Box 1972, 
Wichita, Kans. (Walter M. Keeler) 

Pacific Bridge Company, 333 Kearny St., 
San Francisco 8, Calif. (George W. Noe) 

Pumice Aggregate Sales Corp., 121 Yale 
St., Albuquerque, N. M. (T. Jack 


Foster) 

United Concrete Pipe Corporation, P. O. 
Box 425, Baldwin Park, Calif. (L. A. 
Cline) 
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Junior 

Bolles, Ralph E., 1800 Orange St., 
Bakersfield, Calif. 

Castro, Rafael Aybar de, Avenida Inde- 
pendencia No. 111, Ciudad Trujillo 
R.D. 

Donovan, John Patrick, 5047 Eddy St. 
Chicago 41, Il. 

Franco-Cancio, Jose M., P. O. Box 735, 
Rio Piedras, Puerto Rico 

Knudson, Theodore Elmer, 103 21st St., 
Seattle 22, Wash. 

Perrich, Robert, P. O. Box 441, Hayward, 
Calif. 

Rothman, Herbert’ Bernard, 1 Newkirk 
Ave., East Rockaway, L. I., N. Y. 

Vincente, Gustave A. del Rio San, Ave. 2 
Num. 265, San Pedro de Los Pinos, 
Mexico, D. F., Mexico 


Student 

Barillas F., Roberto, 17 C. O. No. 9, 
Guatemala City, Guatemala, C. A. 

Dierkens, Ferdinand Kk. E., M. I. T. 
Graduate House, Rm. 307 B, Cambridge 
39, Mass. 

Engineer, Ramesh, 321 E. Liberty St., 
Ann Arbor, Mich. 

Foley, John X., 74 Victory Rd., Dor- 
chester 15, Mass. 

Grande, Renato E., 26 Egmont St., Apt. 
6, Brookline 46, Mass. 

Langlois, Henri A., 26 Boylston St., Cam- 
bridge, Mass. 

Magidovitch, Avshalom, 6401 S. Ingle- 
side Ave., Chicago 37, Ill. 

Medrano, Carlos H., 12 Av. Sur. No. 20, 
Guatemala, Guatemala, C. A. 

Mendia, Salvador Fernandez, 12 Calle 
Oriente No, 31, Guatemela, Guatemala 
feid, Charles McLean, Avenida Bolivar 
No. 77, Ciudad Trujillo, R. D. 

tust, Quentin, 40 8. 3rd St. E., Provo, 
Utah 

Witt, John Denton, 3520 Windingwood 
Drive, South Bend, Ind. 





For up-to-date listing of contents of 
ACI Proceedings, V. 44 


read the synopses section, page 59 
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Hugh Barnes. . 
ono Rell Robert F. Blanks. . 
John Butkus 


Jose Luis Capacete 


February 1 to February 29, 1948 C. O. Christy 





Professor Raymond E. Davis leads the 
new Honor Roll beginning 
with credit for 84 new members. 


Raymond E. Davis 
Thomas E. Stanton 
Raphael Callejas H. 
Elmo C. Higginson 
Howard Simpson 
Jacob J. Creskoff 
Robert Morris 
Walter H. Price 

J. Antonio Thomen 
Lewis H. Tuthill 
Milton Fromer 
Bailey Tremper 
Stanton Walker 
Boyd G. Anderson 
Edwin C, Anderson 


J. A. Bakker 


todger B. Collons 

T. H. Fleming. 
Mdward L. Howard, Jr 
Alberto Dovali Jaime 
Wm. R. Johnson 


February 1 


1 
82 Edward F. Keniston 
4 P. J. Kennedy, Jr. 
3 Clyde P. Mason 
24 


James A. McCarthy 
21% I’. N. Menefee. . 
Oliver H. Millikan. . 
Leonard J. Mitchell. . . 
tene S. Pulido y Morales. . 
William T. Neelands 
Hugh EF. Odor. . 
James M. Polatty 

R. D. Rader 

Richard A. Roberts 

Ii. Copeland Snelgrove 
H. D. Sullivan 
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ee ere 
NS, oo nn oo we os 
Jakka E. Vuroinen............... 
Joseph J. Waddell............. 
2 8, | a a ee as 
a Pee 


The following credits are, in each in- 
stance ‘50-50’ with another member. 


Robert W. Abbett Walter L. Huber 
Jerome O. Ackerman Manuel Castro Huerta 
8. B. Barnes Bruce Jameyson 
Boyd 8. Brooks H. M. Larmour 

L. Rees Brooks L. J. Meszaros 

Jose Luis Casas Ray M. Moorhead 
James H. H. Chun Francisco Santos Oliva 
Richard de Charms Chester B. Palmer 
H. W. Chutter Donald O. Peck 

R. Torres Colondres Chesley J. Posey 
Charles W. De Groff Warren Raeder 
John G. Dempsey Jerome M. Raphael! 
Harlan H. Edwards Clarence Rawhouser 
A. C. Eichenlaub Charles A. Shirk 
Arthur D. Engle A. R. Stuckey 
Frank M. Fucik M. O. Sylliaseen 

H. J. Gilkey William H. Thoman 
J. R. G. Hanlon Harry F. Thomson 
H. L. Henson Walter C. Voss 

W. C. Hodgkins J.C. Watt 

H. N. Howe Harry C. Witter 


ae A 
George Alfred Maney 


ACI Member since 1925, Wason medal- 
ist and author of several ACI papers, 
died in Evanston, Illinois on May 10, 1947. 
He was born in Minneapolis, Minn., 
December 9, 1888, the son of Thomas and 
Ella A. (Hallum) Maney, and was edu- 
cated in the Minneapolis public schools 
and the University of Minnesota from 
which he received the degree of C.E. in 
1911. In 1912, he was appointed to a 
research fellowship in theoretical and 
applied mechanics at the University of 
Illinois, receiving the M.S. degree in 1914. 

Professor Maney began his long career 
in teaching as instructor in structural en- 
gineering at the University of Minnesota 
in 1914. He was promoted to assistant 
professor in 1921, and to associate pro- 
fessor in 1926. His work at the University 
of Minnesota was interrupted by World 
War I, during which, while on leave from 
the university, he performed outstanding 
services, first as special analyst for the 
Forest Products Laboratory investigating 
stresses in aeroplane propellors and later 
as engineer in charge of the analyses and 
design of the frame sections of concrete 
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ships for the Emergency Fleet Corporation 
U. S. Shipping Board. 

In the summer of 1918, he enlisted in 
the U. 8. Army rising to the rank of second 
lieutenant before his discharge at the end 
of the war. 

In 1927 he accepted the appointment as 
professor of civil engineering at North- 
western University, becoming administra- 
tive chairman of the school of engineering 
in 1936. He contributed largely to the re- 
markable growth of the school, and when 
the new technological institute was estab- 
lished in 1939, he became chairman of the 
department of civil engineering, which 
position he held until his death. 

Professor Maney’s career in engineering 
practice was interesting and broad in the 
field of structures and research. Since 
1919 he had designed a 10,000-ton floating 
and lifting drydock for the U. 8S. Navy 
Winning in competition with 12 other 
structural engineers; served as special 
consultant on several large and unique 
buildings and on the continuous highway 
bridge over the Mississippi River at 
Savannah, Ill.; organized in 1933 the 
group, G. A. Maney and Associates, which 
promoted and designed a highway bridge 
over the Mississippi between St. Louis and 
East St. Louis which is now under con- 
struction; following the failure of Tacoma 
Narrows bridge, studied, by models, the 
prevention of vibration of suspension 
bridges under wind loads. 
World War II emergency Professor Maney 
undertook a comprehensive series of in- 
vestigations. for. the War Production 


During the 


Board. Other engineering work and re- 
searches are too numerous to mention 
here. At the time of his death his princi 
pal research interest was the fatigue of 
riveted and bolted joints. His contribu- 
tions to the theory of structures were 
many and have won him international 
recognition. 

In 1936 he received the Wason Medal 
for his paper “‘The Analysis of the Multiple 
Rigid Frame Bridge by the Slope-De- 
flection Method.” 

In addition to ACI, Professor Maney 
A.R.E.A 


was a member of A.S.C.E., 
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Western Society of Engineers, American 
Society for Engineering Education, Ameri- 
can Association of University Professors, 
Tau Beta Pi, Sigma Xi, and the University 


Club of Evanston. 


Joseph C. Pearson 


The following paragraphs about Joe Pearson were 
occasioned by his retirement, and were standing in 
type when the following telegram was received March 
16: ‘‘Joe Pearson died suddenly this of 
cerebral hemorrhage.’ No change has been made in 
the text below. 





Joseph C. Pearson, past president of the 


American Concrete Institute, retired as 
director of research for Lehigh Portland 
Cement Co., December 31, 1947 


tion he developed and filled for nearly 24 


a posi- 


years. Those years, devoted to research 
in cement and concrete for Lehigh, were 
preceded by similar work at the National 
Sureau of Standards for nearly 14 years. 

His contributions to progress in the 
field of portland cement and its use have 
been numerous. He has given his time 
and talent for many years and in many 
capacities to the Institute, actually for 
three decades of his membership since 
1918, 1921-23 1928-42 he 


served on the Board of Direction as di- 


From and 
rector, vice president, president and past 
president—a total of 16 years, 14 of them 
continuous. He was a member at various 
of all ACI’s 


mittees in addition to numerous technical 


times administrative com- 
committee assignments and accomplish- 
He was on the Publications Com- 
1930-36 and 


from 1932-36; on the Advisory Committee 


ments. 
mittee from was chairman 
and on the Program Committee and still 
serves on the Institute’s Standards Com- 
mittee. A research man, he has always 
been alert to the significance of research 
findings in their applicability to concrete 
construction and manufacturing practice 
His contributions to the literature cover a 
wide range 
name in the ACI Directory) 


(see the entries under his 
notably in 
stucco and plaster and other problems of 
surface finish, and in the early days he 
was a collaborator with John J. Earley in 
the development of the Earley techniques. 


Whether in the ranks as a layman or on 
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Joseph C. Pearson 


ACI administrative committee work, he 
is a quiet, able and constructive critic. 
ACI headquarters have made heavy calls 
on his counsel. <A few years ago he entered 


an apologetac plea to the Secretary’s 
office to desist while he got his chin above 
the flood of demands of his “paying job.”’ 
tealizing that ACI had been riding him 
hard, ACT Jaid off for three or four months 
Then another note from Joe—had we cut 
him off altogether? Promptly he was back 
in the harness and only recently, in retire- 
ment, he wrote a critical contribution for 
the 1948 symposium in review of a quarter 
published in this 


century of progress, 


issue, 

In addition to ACI he has long been an 
active member of Committees C-1 and 
C-9 of the American Society for Testing 
Materials. 

A close associate finds that, ‘His work 
has been characterized by a determination 
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to do well anything he did and to finish 
any job he started—and perhaps his most 
outstanding characteristic, his intellectual 
honesty and fairness, although his mod- 
esty might be given first place. Possessed 
of a keen sense of humor with a goodly 
amount of human kindliness and _ toler- 
ance, he is the finest of friends or of com- 
panions in work. The many young men 
who have been under his tutelage grate- 
fully acknowledge the benefit they re- 
ceived from him in the way of technical 
training and inspiration. To say that he 
is at once loved, respected and admired is 
no verbal bouquet but a sincere statement 
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without exaggeration. 

“Mr. Pearson is a New England (Maine) 
product and in his ancestry were sea 
captains, although his father was a Con- 
gregational minister. He graduated from 
Bowdoin College, earned a master’s degree 
at Harvard and then undertook to teach 
mathematics and physics at Bowdoin. 
He was employed next by the Carnegie 
Institution of Washington in the depart- 
ment of terrestrial magnetism. 
made him a world traveler 


This job 
much of the 
time in a small wooden sailing vessel, but 
also Arabian desert travel by camel and 


expeditions in the far North. It is not 



















“PRECISION” A.S.T.M. CEMENT STEAMER 
A.S.T.M. DESIGNATION C17 

“Standard Methods of Sampling and Testing Portland 
Cement,”’ specifies this apparatus for the soundness test in 
which cement paste pats of normal consistency made in the 
mold shown below are placed in an atmosphere of steam 1” 
above boiling water for 5 hours, at a temperature of 98° to 
100° C, then examined for unsoundness within one hour of 
removal. This apparatus is built of heavy 
sheet copper, tinned inside, with all joints 
double seamed and made permanently steam 
tight with hard solder. Write for detailed 
literature No, 2-3-6 












PRECISION’ SOUNDNESS PAT MOLD 


Forms paste pats used in the Gillmore method for 


determining setting time, and the pats which are subjected to steam 
treatment as outlined above. The mold forms a pat %2” thick and 1” in 
diameter at the center, tapering to a thin flat edge 3” in diameter. Uniform 
thickness at edge of taper is assured by 2 mm retaining edge around outer 
circumference of pat. Write for detailed literature 2-3-6. 





See Your Laboratory Supply Dealer 


Scientific Company 
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easy to do, but any one who is successful 
in getting him to reminisce about such 
experiences can have a most enjoyable 
evening. 

“Evidently feeling that he had knocked 
around enough after four years of this, 
he joined the Bureau of Standards in 1910, 
where his interest in cement began. In 
1924, he was employed by Lehigh with the 
title of assistant to chemical engineer. 
It became his job to do a great deal of the 
planning and organizing necessary to 
establish Lehigh’s central laboratory at 
Ormrod. In 1932, he became director of 
research,” 


Mr. and Mrs. Pearson make their home 
at 2403 Washington Street, Allentown, 
Pennsylvania; their two daughters and a 
son and two grandsons live not far away in 
Philadelphia. Retirement for Joe does not 
mean inactivity but a long deferred 
opportunity to apportion his time as he 
sees fit—some considerable part of it 
lately in his home basement workshop. 


Dwight Frank Jennings 

most of whose engineering career was as a 
civilian engineer with the Corps of En- 
gineers, U.S.A., Detroit Michigan Dis- 
trict, died February 17 in Detroit. Mr. 
Jennings was born in Thornton, Michigan, 
attended school in Port Huron and gradu- 
ated in civil engineering at the University 
of Michigan, 1908. 

His earliest army work was with the 
U.S. Lake survey engaged in early surveys 
of the Great Lakes for navigational pur- 
poses. More recently he was identified 
with the Report Section, Rivers and 
Harbors Branch, Detroit, of which he was 
chief at the time of his death. He was 
winner of the meritorious Civilian Service 
Award for his work in the Detroit District. 

Mr. Jennings’ work for the army 
engineers was twice interrupted by periods 
of engineering journalism. For several 
years in the early twenties he was associate 
editor of the magazine Concrete-Cement 
Age when it was published in Detroit. He 
was also a correspondent for Engineering 
News-Record. Later (1930-32) he was 
engineering assistant in the editorial work 


of the JouRNAL of the American Concrete 
Institute for three years. Severing that 
connection December 1932, he was back 
with the army, but continued with im- 
portant contributions to indexing the ACI 
Proceedings including preliminary work on 
the “ACI 10-Year Index,” until a few 
months before his death. 


ACI Growth . cont'd from p. 3 
January 1, 1944 ACI had 1909 members 

a gain in 4 years, to January 1, 1948 of 
more than 100 percent. On March 1, 1944 
we had 1944 members; 4 years later 
3976. March 1, 1947, 3201 members; 
March 1, 1948, 3976—a gain of more than 
21 percent in 12 months. Perhaps be- 
tween this consideration of ACI on but 
one of several quantitative approaches 
and Mr. Walker’s qualitative considera- 
tion in ‘‘President’s Address,” p. 605 of 
this JouRNAL, there is some correlation. 
Harvey WHIPPLE 

M” density 

Total per 100,000 of 


State members population 
Jan. 1, 1948 Jan. 1, 1948 


Alabama 29 1.02 
Arizona 13 2.60 
Arkansas 12 0.62 
California 335 4.85 
Colorado 169 15.06 
Connecticut 43 2.52 
Delaware 13 4.88 
Dist. of Colum. 66 9.95 





Florida 36 

Georgia 31 

Idaho 12 

Illinois 255 

Indiana 47 

lowa 43 

Kansas 22 

Kentucky 15 

Louisiana 25 1.06 
Maine 5 0.59 
Maryland 34 1.86 
Massachusetts 134 3.11 
Michigan 102 1.94 
Minnesota 46 1.68 
Mississippi 18 0.82 
Missouri 75 1.98 
Montana 19 3.40 
Nebraska 20 1,52 
Nevada 6 5.46 
New Hampshire 3 0.61 
New Jersey 87 2.09 
New Mexico 6 1.13 
New York 360 2.67 
North Carolina 25 0.70 
North Dakota 3 0.47 
Ohio 158 2.29 
Oklahoma 20 0.86 
Oregon 24 2.20 


(Continued on p. 40) 
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M”’ density 


Total per 100,000 of 
State members population 

Jan. 1, 1948 Jan. 1, 1948 
Pennsylvania 187 1.88 
Rhode Island 6 0.84 
South Carolina 10 0.53 
South Dakota 17 2.65 
Tennessee 46 1.58 
Texas 98 1.53 
Utah 11 2.00 
Vermont 1 0.28 
Virginia 46 1.72 
Washington SO 4.62 
West Virginia 16 0.84 
Wisconsin 51 1.63 
Wyoming 22 8.79 





PROFESSIONAL CARDS 
L. COFF, Consulting Engineer 


198 Broadway, New York 7, N. Y. 
PRESTRESSED 
CONCRETE STRUCTURES 


Design, Estimates, 
Construction Methods, Supervision 








KNAPPEN TIPPETTS ABBETT Engineering Co. 


(Knappen Engineering Co.) 


Ports, Harbors, Flood Control, Power, Dams, 
Bridges, Tunnels, Highways, Airports, Traffic, 
Foundations, Water Supply, Sewerage 
Reports Design Supervision 
Consultation 


280 Madison Avenue New York, N. Y 








They Registered at 44th Annual 
ACI Convention 


Asterisks (*) denote ACI Memb 








*Anney, Rosent J., U. S. Bureau of Reclamation, 
P. O. Box 667, Caldwell, Idaho 

*Anpun-Nur, Ep., U. 8. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*AcKERMAN, J. O., Corps of Engineers, Omaha 
Dist., 2027 Dodge Street, Omaha, Nebr. 

*Apvama, R. F., U.S. Bureau of Reclamation, 530 8. 
Emerson, Denver, Colo. 

Apams, SHanovp E., U.S. Bureau of Reclamation, 

224 McKinley St., Fort Collins, Colo. 


Apamson, Joun N., Colo. State Highway Lab- 


oratory, 1370 Krameria St., Denver, Colo. 

Aonew, R. P., Public Roads Administration, 227 
New Custom House, Denver, Colo. 

Aumap, Manzun, Pakistan Government, 1218 
Washington St., Denver, Colo. 

Ano, 8. it, U. S. Bureau of Reclamation, Cody, 


Annens, T. P., U. 8S. Bureau of Reclamation, 
Denver, Colo. 
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*ALDEN, Georae C., Chas. R. Watts & Co., 4121- 
6th St., N. W., Seattle, Wash. 

*ALEXANDER, J. B., Southwestern Cement Co., 
Osborn, Ohio 

ALLEN, Haroup, Public Roads Administration, 
Washington, D.C. 

*ALLEN, Perer J.. Murphy & Allen Construction 
Co., Denver, Colo. 

Anpvereaca, F. O., Pierce Foundation, Raritan, 
N.J. 

ANDERSEN, Rave. A., Knoettge & Andersen, 313 
Boston Bldg., Denver, Colo. 

*AnpeRSON, D. B., U. 8. Bureau of Reclamation, 
3246 Stuart St., Denver, Colo. 

ANDERSON, Frepd A., Public Service Co. of Colo., 
2332 Albion St., Denver, Colo. 

*ANDERSON, FrepertcK G., 1441 Welton St., 
Denver, Colo. 

ANDERSON, JoHN M., Colorado State Highway 
Dept., Del Norte, Colo. 

*ANDERSON, Louis, Alpha Portland Cement Co., 
158. Third St., Easton, Pa. 

ANDERSON, Ronert R., University of Colorado, 
233 Ketcham Hall, Boulder, Colo. 

AnpbkEws, 8. L., Colorado University, 1033 13th, 
Boulder, Colo. 

Anprews, V. 8., The Master Builders Co., 7016 
Euclid Ave., Cleveland 3, Ohio 

ARCHIBALD, M. W., U. S. Bureau of Reclamation, 
Idaho Falls, Idaho 

ARGALL, Greorce, Jr., 
gzineer, Denver, Colo. 

*Ayver, Evoene D., Consulting Engineer, 746 
Holly St., Denver, Colo. 

Bascock, F. M., State Highway Department, 313 
East Columbia, Colo. Spri igs, Colo. 

*Bacxstrrom, J. E., U. 8S. Bureau of Reclamation, 
1320 8. Lafayette St., Denver, Colo. 

Batiiey, J. E., Colorado University, 626 Mapleton 
St., Boulder, Colo. 

*Bartey, Joseru S., Portland Cement Assn., 521 
Boston Bldg., Denver, Colo. 

BatLey, Pau. 8., Colo. State Highway, 512 State 
Office Bldg., Denver, Colo. 

Baker, B. H., J. B. Kenny (Contractor), 3233 
Osage St., Denver, Colo 

Baker, 8. W., State Highway Department, Colo. 
Springs, Colo 

*BALASUBRAHMANYAM, &., I S. Bureau of Re- 
clamation, 1633 Washington St., Denver, Colo 

Batvtarp, Joun D., P. O. Box 79, Ketchikan, 
Alaska 

BaLtmer, GLENN, U. S. Bureau of Reclamation, 
3527 Decatur St., Denver 11, Colo. 

*Banker, Austin, U. S. Bureau of Reclamation, 
Mancos, Colo. 

*Bannes, Huan, Portland Cement Assn., 816 W. 
5th St., Los Angeles, Calif. 

Barnes, W. F., Swift & Co., Construction] Jept., 
Chicago, Il. 

*Bartrierr, V,C., Ideal Cement Company, Devil's 
Slide, Utah 

*Baskin, Bens. J., Concrete Product Co. of 
America, 1505 Race Street, Philadelphia, Pa 

Bateman, G. F., U. 8. Bureau of Reclamation, 
Denver, Colo. 

*Bares, A. A., Portland Cement Assn., 33 Grand 
Ave., Chicago, Il. 

*Bavuer, Eowanp F., Univ. of Illinois, 204 Talbot 
Laboratory, Urbana, Ill. 

Bauoun, Mrrenecey O., U. S. Bureau of Reclama- 
tion, Box 298, Lemmon, 8. D. 

*Bauman. FE. W., National Slag Association, Wash- 
ington, D.C, 

*Bayiess, O. A., Ideal Cement Company, 531 W. 
23, Ada, Okla. 

*Becxen, Wu. C. E., Wm. C. EF. Becker Construc- 
tion Engineer, 4119 San Francisco Ave., St. 
Louis 15, Mo. 

Becker, Wu. C. BE. Mua., 4119 San Francisco 
Ave., St. Louis 15, Mo. 

*Beit, J. D., Colorado Highway Department, 
Denver, Colo. 

Bentiey, Laman P., U. 8. Bureau of Reclamation, 
P. O. Box 713 B, Coulee City, Washington 


Consulting Mining En- 
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Only JAEGER offers two types of 
High-Discharge Truck Mixers— 













TOP- 
LOADING 
SEALED- 

DRUM 





END- 
LOADING 
with GATED 
HOPPER 


to suit every plant batching condition 


The Jaeger Top-Loading Sealed-Drum 
Truck Mixer is especially suited for all 
wet-mix plants 
dry batch plants that are equipped for 
“ribbon” loading. Close-fitting top hatch 
and rear discharge door insure a tightly 
drum which easily handles 
rated load of wet 
from weather 
moisture, due to evaporation. “Slow” 
agitation, through Jaeger’s 2-speed 
transmission, is also a big advantage for 
long hauls. In wet mix plants — and in 
dry batch plants equipped for ribbon 
loading, which intermingles the aggre- 
gates and reduces their bulk—the “Top- 
Loader” receives its charge in one quick 
drop through the hatch. The load builds 
up ideally in the drum, leaving ample 
void thorough mixing. 
Top loaders are lighter and easier to 
clean and maintain than end loaders. 


and most efficient for 


sealed 
maximum 
protected 


concrete, 


and loss of 


space for fast 


However, at plants where local aggre- 
gate is unusually bulky or fluffy, and 
at all plants which employ multi-point 
or “laminated” loading, end-loading is 
better because it partially shrinks the 
material as it is charged, enabling the 
drum to take its full rated load. The 
End - Loading Gated - Hopper 
Truck Mixer is the fastest loading and 
discharging unit of this type. Its steep- 
angled hopper throat is as large as the 
drum opening proper. Gravity and the 
design and arrangement of the spiral 
mixing blades carry material into the 
drum quickly — bring concrete to the 
discharge gate in a fast, mass flow when 
drum rotation is reversed. A quick- 
opening hopper gate obviates moving 
the hopper to discharge, saves time at 
the job, and assures permanent hopper 
alignment. A twirl of the handwheel 
closes the discharge gate. 


Jaeger 


opens or 


Write for Catalog TM-8 which details both types. 


THE JAEGER 


MACHINE 


COMPANY 


Main Office and Factory — Columbus 16, Ohio 


Liseiiel ETE 
OFFICES 


1504 Widener Bidg 
Philadelphia 7, Pa 


226 N. La Salle St 
Chicago |}, Ill 


235 American Life Bldg 
Birmingham 1, Ala 
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BeErGSscHNEIDER, C. J., U. S. Bureau of Reclama- 
tion, 1545 8. St. Paul, Denver, Colo. 

Berman, Josepu, U. S. Bureau of Reclamation, 
Denver, Colo. 

Bernstern, M. Jack, Bureau of Reclamation, 
Denver, Colo. 

*BerRyY, NARENDRA K., India Government Engi- 


neer on Deputation, 955 Pearl Street, Denver, . 


Calo. 

Brxsy, Howarp M., Public Roads Administra- 
tion, Box 176, Cheyenne, Wyoming 

Brxsy, T. P., Heron Engineering Co., 2000 S 
Acoma St., Denver, Colo. 

BLACKBURN, WILLFRED E., U. S. Bureau of Re- 
“clamation, 2160 S. Acoma St., Denver, Colo. 
*Bianks, R. F., U. S. Bureau of Reclamation, 

Denver, Colo. 
Buiomaren, W. E., U. S. Bureau of Reclamation, 
314 U.S. Custom House, Denver, Colo. 
—. Rea, U. S. Bureau of Reclamation, 
Lemmon, 8. D. 
Buiyrs, rR 2 oe Blyth Construction Co., 7 Street 
Andrews Gardens, Toronto, Canada 
Bopen, O. G., U. 8. Bureau of Reclamation, 422- 
11th Street, P. O. Box Q., Antioch, Calif. 
Boagars, Leo V., The Foundation Company, 21 
Concord aa Jersey City, N. J. 
Bore, Harovp R., U. 8. Bureau of Reclamation, 
Fort Collins, C ‘olo. 
*Bo.ten, R. E., Nebr. Dept. of Roads & Irrig., 106 
M. A. Bldg. Univ. of Nebr., Lincoln, Nebr. 
Bonp, Rosert E., U. 8. Public Roads, 227 New 
Customs House, Denver, Colo. 
*Bonnetrt, Louis J., Bureau of Reclamation, 230 
North McKinley, Fort Collins, Colo. 
*Boxn, Harry E., Ideal Cement Company, La 
Porte, Colo. 
Bostrom, Wiii1AM H., U. 8S. Bureau of Reclama- 
tion, 8010 W. 12 pee ‘Denver, Colo. 
*BowLes, E. M., International Engr. Co., 1408 
Ivy St., Denver, Colo. 
*BowMAN, WALDO, Engineering News Record, 330 
W. 42nd St., New York, N. Y. 
*Boyp, JAMES K., U. 8. Bureau of Reclamation, 
Estes Park, Colo. 
Boy tg, S. R., Permastone Company, 1608 Welton 
St., Denver, Colo. 
*BrapBury, W. E., Sheffield one someation, 
Sheffield Station, "Kansas City, 
BRANDWOLD, WILLIAM W., Eoivonent Atlas Ce- 
ment Company, Buffington, Ind. 
*BRASSERT, WALTER, Box 346, Bloomfield, Ind. 
Brerruna, G. F., U. S. Bureau of Reclamation, 
Denver, Colo. 
Brever, WATER F., U. S. Engineer Office, Farm 
Credit Bldg., 5th Floor, Omaha, Nebr. 
*BREWER, HarRoLp W., U. S. Bureau of Reclama- 
tion, 913 Humboldt Street, Denver, Colo. 
Brickett, E. M., Dewey & Almy Chemical Co., 
Cambridge, Mass. 
Brickxey, Haroip K., Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
*Brirzius, C. W., Twin ae! Testing Lab., 2440 
Franklin Ave., St. Paul, Minn. 
*Brooks, L. Rees, U. S. Bureau of Reclamation, 
814 Harmon Blvd., Bend, Oregon 
*Brovuk, J. Joun, Precast Slab & Tile Co ., 1367 S. 
Kingshighway, St. Louis, Mo. 
Brown, Frank, A & M College (Student), 2131 
Magnolia, Denver, Colo. 
Brown, L. Giipert, Bureau of Reclamation, 1640 
South Milwaukee Street, Denver, Colo. 
Brown, J. R., U. 8. Bureau of Reclamation, 3435 
Alcott St., Denver, Colo. 
BruGGeMAN, Joun R., Bureau of Reclamation, 
3239 Irving Street, Denver, Colo. 
*Brunson, WILLARD W., The Foundation Com- 
pany, 2134 West 13th Ave., Denver, Colo. 
Bryan, Duane D., Besser Manufacturing Co., 
Alpena, Mich. 
*Bryant, E. R., Universal Atlas Cement Co., 928 
Grand Avenue, Kansas City, Mo. 
Buck, Mas. Rurvs, Corps of Engineers, U. S. 
Army, Ft. Warren, Wyo. 
Bunte, A. H., Colorado State Highway, 1370 
Krameria Street, Denver, Colo. 





Burgess, JAMes W., Dart Mfg. Sales & Co., 1246 
Champa Street, Denver, Colo. 

*Burkett, A. D., Ideal Cement Company, Trident, 
Mont. 

Burkett, Roy, Colo. Mining Assn., 204 State 

Office Bldg., Denver, Colo. 
Na, 8S. D., Corps of Engineers, Sacramento, 
alif. 
*BurmeErster, R. A., City of Milwaukee Testing 
Laboratory, 3515 W. Clybourn St., Milwaukee, 
is. 

*BurnNettT, G. E., U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

Burrows, Ricwarp W., U.S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 

Burtis, Ear F., . Bureau of Reclamation, 
Tracy, Calif. 

Buscu, Revusen, A & M College, (Student), Fort 
Collins, Colo. 

Busse t, B. E., U. 8. Bureau of Reclamation, 1921 
S. Milwaukee St., Denver, Colo. 

*ByYRNE, GEORGE P., U. S. Bureau of Reclamation, 
Grand Lake, Colo. 

*Cain, Craia J., Combustion By-Products Co., 
228 N. La Salle St., Chicago 1, Ill 

CaLuarD, Ropert D., University of Colo., 1145 
Penn, Boulder, Colo. 

Catvert, F. W., Ideal Cement Company, 503 
Denver National Building, Denver, Colo. 

Carp, L. B., Public Service Co. of Colorado, 900 
15th St., 7h Colo. 

CaRLson, C. The Wertz Co., Inc., 406 Fleming 
Bldg., Des Gonos Iowa 

Carson, E. J., U. S. Bureau of Reclamation, 519 
Madison St., Denver, Colo. 

CARTER, HAROLD S., Univ. of Utah, Salt Lake 
City, Utah 

Cartwariaut, W. P., U. 8. Bureau of Reclamation, 
Orange Cove, Calif. 

Casey, J. E., Colorado State Highway Dept., 
Durango, Colo. 

*Casrey, THomas B., State of Ill., Super. of Water- 
ways, 201 West Monroe St., Springfield, Ill. 
Casu, C. H., Michigan State Highway Dept., 

Lansing, Mich. 
*CATON, WARREN D., U.S. Bureau of Reclamation, 
4301 Wadsworth, Wheatridge, Colo. 

CHAMBERLIN, LAURENCE W., Autolene Lubricant 

Co., 1331 W. Evans Ave., Denver, Colo. 

*CHAMBERLIN, S. J., Lowa State College, 428 
Stanton, Ames, lowa 

*CHAMBERLIN, WiLBuUR:H., U. 8S. Bureau of Re- 
clamation, Denver Federal Center, Denver, 
Colo. 

*CHATTERJEE, PARESH Natu, Univ. of Illinois, 
(Student) 1215 8S. 4th St., Champaign, Il. 

CHEEVER, VERNON A., Alexite Engineering Co., 
Colorado Springs, Colo. 

Cueney, J. R., Colo. State Highway Dept., Dir. 
Eng., Grand Junction, Colo. 

Cuiccort, FRANK:E., Viber Co., Burbank, Calif. 

CHINN, JAMES, University of Colorado, 1073-13th 
St., Boulder, Colo. 

CHRISTENSEN, ForzEN ENGEL, Fubernational En- 
gineering Company, Adolphsog 40, Gentofte, 
Denmark 

*CuuBs, J. Penn- .“%- Cement Corp., 60 E. 
42nd St., New York, N. Y. 

*CLARK, C HARLES A., P dC ement Assn., 1301 
Capital Natl. Bank Bldg., Austin 16, Texas 

CLEvENGER, W. A., U. S. Bureau of Reclamation, 
6301 W. 29th, Denver, Colo. 

Corr, Cuar.es M., Bureau of Reclamation, 3425 
Jackson St., Denver 5, Colo. 

*Corr, L., L. Coff, 198 Broadway, New York, N. Y. 

CorrMan, J. H., Town of Torrington, Torrington, 

Wyo. 

Coe, Tuomas, Colorado A & M, (Student) Fort 
Collins, Colo. 

Co.Leman, Howarp A., Missouri Portland Cement 
Co., St. Louis, Mo. 

Couuier, WituiAM T., Colorado University, 626 
Mapleton, Boulder, Colo. 

*Co.Lions, RopGer B., U. S. Bureau of Reclama- 
tion, Fort Collins, Colo. 
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CONCRETE BY PIPELINE 





The Low-Cost Method 
of Placing Quality Concrete! 


Rex Pumpcrete offers the lowest cost method 
of placing concrete of improved quality. 
The ‘‘concrete by pipe line method,”’ 
properly employed, will assure the best job 
structurally at far lower cost as compared 
to other placement methods. 


Segregation of the mix is completely elimi- 
nated by the conditioning hopper and direct 
pumping into the forms. Discharge into 
the forms is more readily controlled. Proof 
of Pumpcrete’s quality placement is evi- 
denced by the fact that, where quality is 
paramount, leading engineering organi- 
zations specify Pumpcrete. 


In addition to its quality placement, Rex 
Pumpcrete permits greater flexibility and 


convenience in job set-ups. Concrete is 
moved ‘from here to there’’ in one operation, 
thus eliminating much of the preparatory 
work, many units of normal high cost 
equipment and confusion of ordinary 


placement methods. 


It may be that your next job should be a 
Pumpcrete job. Why not consult your Rex 
Distributor and get the full story of what 
Pumpcrete . . . the pump that pumps concrete 
through a pipe line. . . can do for you. Or 
if you prefer, write directly to Chain Belt 


Company, 1713 West Bruce Street, 


Milwaukee 4, Wisconsin. 






CONSTRUCTION MACHINERY 
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Coner-y, J. L., Ideal Cement Co., Box 3046, 
Houston, Texas 
Conner, Ravru N., Baldwin Locomotive Works, 
2929-19th St., San F rancisco, Calif. 
Conran, J. 8., U. 8S. Bureau of Reclamation, 918 
E. 6th’ Ave., ‘Denver 3, Colo. 
*Conrow, A. D., Ash Grove Lime & Portland Ce- 
ment Co., Chanute, Kans. 
*Cook, Herspert K., U.S.W.E.S., Concrete Re- 
Search Div., Box 217, Clinton, Miss. 
Cook, M. H., Bondoct Con. Sales Co., 200 Prairie 
Street, Rockford, Ill 
*Cooxk, Roger H., U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
Coomspre, NorRMAN M., State Highway Dept., 
Montrose, Colo. 
Coomss, CLARENCE :H., 
Boulder, Colo. 
Coomss, Haroip C., U. 8. Bureau of Reclamation, 
588 8. Pear! St., Denver, Colo. 
*CopELAND, R. E., National Concrete Masonry 
Assn., 30 S. Dearborn St., Chicago, I 
*Corvon, WiiiiaM A., U. 8. Bureau of Reclama- 
tion, 1600 Trenton St., Denver, Colo. 
Corey, Gitpert L., Colorado A & M (Student) 
Fort Collins, Colo. 
CornweE tu, Frep E., Bureau of Reclamation, 400 
S. High Street, Denver, Colo. 
Corson, R. E., Ray Corson Mfg. Co., 350 Kala- 
math St., Denver, Colo. 
*Coutson, H. 8., Milne-Coulson, Inc., 24th & 
Spruce, Boulder, Colo. 
*CouNTS, JACK, Pumice Ageregnte & sales Corp., 121 
8. Yale, Albuquerque, N. 
Cox, O. H., Natl. vena m4 "Standards, 26-B, 
Custom House, Denver, Colo. 
*CRANDALL, Ler, University of Colorado, Civil 
Engineering Department, Boulder, Colo. 
*CRANE, CLaytTon O., U. 8. Bureau of Reclama- 
tion, Enders Dam, Enders, Nebr. 
*CRESKOFF, Jacos J., Vacuum Concrete Corp., 
4200 Sansom Street, Philadelphia, Pa. 
*Cripren, Dare L., U. S. Bureau of Reclamation, 
2224 W. 38th Ave., Denver, Colo. 
Crocker, Herpert S., 1231 First Natl. Bank 
Bldg., Denver, Colo. 
CroneMeyYeR, Ravtrpn, Consolidated Sales Co., 
801 Oak Street, Kansas City, Mo 
*Crossy, ALBERT B., U. 8S. Bureau of Reclamation, 
1035 8. Adams St., Denver, Colo. 
*CrossMANn, WALTER A., U.S. Bureau of Reclama- 
tion, 608 W. C ypress, Altus, Okla. 
*Crum, R. W., 2101 Constitution Ave., 
ton, D.C. 

*CrrsLer, R. A., Canada Cement Co., Ltd., Toron- 
to, Canada 

CumMINas, R. L., University of Colorado, Boulder, 


University of Colorado, 


Washing- 


O1lo, 
Curtis, H. G., Bureau of Reclamation, Denver 
Federal Center, Denver, Colo. 
Curtis, Rosert C., Colorado A & M, (Student) 
Fort Collins, Colo. 
DauLperc, Arno_p V., The Denver Fire Clay 
Co., 2301 Blake St., Denver, Colo. 
Daum, Norman F., University of Colo., 34 Ket- 
chum Hall, Boulder, Colo. 
Danrortu, Georce Jr., Colorado Highway De- 
partment, Wray, Colo. 
Dante., Joun F., Colorado A & M, (Student) Fort 
oC collins, Colo. 
Daucny, E. H., Colo. State Highway Dept., 1244 
Broadway, Denver, Colo. 
Daum, Arvin C., University of Colorado, 2799 
Arapahoe, Boulder, Colo. 
*Davipson, Sam, U. 8. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
Davis, Bruce G., U. 8. Bureau of Reclamation, 
798 Niagara St., Denver, Colo. 
*Davis, CLAYTON L. a piveneet Atlas Cement, 135 
E, 42nd St., New Y ork, N 
Davis, Dean W., U. 8. Bureau of Reclamation, 
Tracy, Calif. 
Davis, Paut G., The Master Builders Co., 7016 
Euclid Ave., Cleveland, Ohio 
*Davis, Raruonp E., Univ. of California, Berke- 
ley, Calif. 
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Deartn, Kerrnu H., University of Colorado, 
Boulder, Colo. 

De Cuuvz, J. R. Jr., M. S. Ketchum, 342 Railway 
Exchange Bldg., Denver, Colo. 

*Dere, WALLAcE H., U. S. Bureau of Reclamation, 
1375 Logan St., Denver, Colo. 

Dekiorz, Epwarp J., Corps of Engineers, 
Missouri River Division, 2019 Farnam Street, 
Omaha, Nébr. 

*DevzeLLt, Harry, Concrete Reinforcing Steel 
Inst., 38 8S. Dearborn St., Chicago 3, Ill 

Devaton, Earte W., Colorado Construction 
Assn., 1669 Broadway, Denver, Colo. 

Devine, Lr. James E., Ft. F. E. Warren, Chey- 
enne, Wyo. 

Devin, H. J., U. S. Bureau of Reclamation, 
Tracy, Calif. 

*De Winter, M., Consulting Civil Engineer, 41 
Millbourne Rd., Johannesburg, South Africa 
Dexter, E. R., U. S. Bureau of Reclamation, 

2208 ng a Denver 15, Colo. 
Dickerson, R. , University of Colo., Boulder, 
Solo. 
Dickey, Frank R,, I 
Hardin, Mont. 
*DIERKENS, FerDINAND E. E., M.I.T. (Graduate 
Student) M.I.T. Graduate House, No. 307, 
Cambridge 39, Mass. 

*DierkiInG, R. F., Portland Cement Assn., 408 
Hubbell Bldg., Des Moines, low: - 

Ditton, E RNEST F., Alexite Eng., 

Colorado Springs. Colo. 
*DiStrasio, Joseru D., J. DiStasio & Company, 
136 Liberty St., New York City 
*Doanipes, Peter J., —— Corporation, 17 
Battery Pl., New York 4, N. 

Doppian, D., U. 8. Bureau of Rec lamation, Den- 
ver, Colo. 

*Dopag, Granam C., U.S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

Doerner, Bruce W., Colo. Fuel & Iron Corp., 803 

Continental Oil Bldg., Denver, Colo. 
*Dou oiass, C. T., U. 8. Bureau of Reclamation, 
2323 S. Corona St., Denver, Colo. 
*Dow ns, L. V., U. S. Bureau of Reclamation, 
Coulee Dam, Ww -_ 

DoyLe, JAMES L., U. 8. Bureau of Reclamation, 
409 N. Hansen eae Burley, Idaho 

Drake, WALTER W., Colo. State Highway Dept., 
333 E. 16th Ave., Denver, Colo. 

Dreuer, Dewi, Colo. Fuel & Iron Corp., Con- 
tinenta] Oil Bldg., Denver, Colo. 

Du Cuarme, L. M., Denver Equipment Co., 1400 
17th St., Denver, Colo. 

Dup ey, R. B., State Highway Dept., 
Alamosa, Colo. 

DunFieLtp, GerALp C., University of Colorado, 
1153 Portland, Boulder, Colo. 

Dunnam, C.S8., Colo, State Highway Department, 
1917 Broadway, Denver, Colo. 

DuNnwWELL, Francis A., U. 8S. Bureau of Reclama- 
tion, Palisades Project, Idaho Falls, Idaho 

Dortra, Dutren N., U.S. Bureau of Reclamation, 
(Training from India), 1640 Lafayette St., 
Denver, Colo. 

*Dwyer, J. R.. National Bureau of Standards, 
Washington 25, D.C. 

Eastin, Curis, University of Colorado, Apt. 9, 
Bldg. B-3, Boulder, Colo. 

Eaton, W. H., U. 8S. Bureau of Reclamation, 232 
Lyons, F't. Collins, Colo. 

*Eaan, A. B., Sheffield Steel Corp., Sheffield Sta- 
tion, Kansas City, Mo 

EGan, Ropert J., Colo. State Highway Dept., 
Denver, Colo. 

*EGELAND, B. R., Milne-Coulson, Ine., 
Colo. 

*EICHENLAUB, A. C., 
Detroit, Mich. 

*Evrert, R. J., Jn., | 
Hot Springs, 8. D. 

ELLENSTEIN, L. M., A. C. 
Island City, New York 

Evert, E. 8., Colo. Fuel & Iron Corp., P. O. Box 
1920, Denver, Colo. 


J. S. Bureau of Reclamation, 


3200 N, Nevada, 


710 State, 


Boulder, 
Peerless Cement Corp., 
S. Bureau of Reclamation, 


Horn Company, Long 
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BALDWIN:“STANDARD 


IN CEMENT AND CONCRETE 
Testing Machines 


DID YOU SEE 
THE NEW 


300,000 Ib. 
machine at the 
Denver Meeting ? 
«x 


Meets all A.S.T.M. requirements, 
provides for testing concrete cylin- 
ders up to 8” x 16”, and also is 
equipped for testing concrete build- 
ing blocks up to 12” wide x 18” long. 


Single ram construction, increased 
ram stroke, and fast operation 





facilitate alternate testing of 
cylinders and blocks. 


Write to us for further details. 


BALDWIN 


TESTING HEADQUARTERS 


The Baldwin Locomotive Works, Philadelphia 42, Pa., U.S.A. Offices: 
Birmingham, Boston, Chicago, Cleveland, Houston, New York, Philadelphia, 
Pittsburgh, San Francisco, Seattle, St. Louis, Washington. 
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Exiiott, Joun P. Jn., University of Colorado, 331 
K Men's Dorm, Boulder, Colo. 

Ennis, E. Evpon, U. 8. Bureau of Reclamation, 
1509-6th Ave., Y uma, Ariz. 

Evans, H. R., C ‘olo. State Highway Dept., State 
Office Bldg., Denver, Colo. 

*Evans, J. Cuiirrorp, Nazareth Cement Co., 
Nazareth, Pa. 

*Farvor, 8. V., U. 8S. Bureau of Reclamation, Den- 
ver Federal Center, Denver, Colo. 

FALKENBERG, Joun F., University of Colorado, 
1505 University, Boulder, Colo. 

Farapes, T. Caves, U evenntiy of Colorado, 1034- 
14th St., Boulder, Col 4 

FARRELL, Georae F., U. 8. Bureau of Reclama- 
tion, 1317 Spruce Dives, Denver, Colo. 

Fasnacut, Roy H., Pa. State Highway Dept., 
1118 State St., Harrisburg, Pa. 

Farror, Arruur P., U. 8. Bureau of Reclamation, 
4358 Steele St., Denver, Colo. 

*Faus, Russevy,, U. 8S. Bureau of Reclamation, 
Heart Mountain, Wyo. 

*FeppeLter, Metvin E., Cemasco Floor Co., 228 
N. La Salle Street, C hic ago, I 

*FeLKNeR, Brnon G., U. 8S. Bureau of Reclama- 
tion, Boysen Dam, Wyo. 

*FERGUSON, Poin M., Univ. of Texas, 173 Eng. 
Bldg., Univ. Sta., Austin 12, Texas 

*Ferr, Wititiam E., Sallett Const. Co., Columbia 
St., South Bend, Ind. 

Fievp, Joun E., Consulting Engineer, 2510 Cherry 
Street, Denver, Colo. 

*Ficitis, Jack, American Crystal Sugar Co., 
Boston Building, Denver, Colo. 

Fincu, Everett, Colorado A & M, (Student) Fort 
Collins, Colorado 

Finpuey, Lr. Cou. J. A., 
Warren, Cheyenne, Wyo. 

Finovuz, ALEXANDER, International Engineering 
Company, Chamber of Commerce Bldg., Den- 
ver, Colorado 

*Fiscuer, Orro, Jr., U. 8. Bureau of Reclamation, 
Riverton, Wyo. 

*Fisuer, Witsurn H., Wyoming Highway Dept., 
Capitol Bldg., Cheyenne, Wyo. 

Friack, Harry L., Bureau of Reclamation, 1200 
Brentwood, Denver, Colo. 

*FiranertTy, Joun C., Building Dept., City & 
County of Denver, 1330 Josephine St., Denver, 
Colo. 

FLEWELLING, E., Besser Mfg. Co., 
N.W. , Seattle, Wash. 

*FLorey, James R., Master Builders Co., 1127 
Adams 8t., Denver, Colo. 

*Foxsricn, L. R., Pittsburgh Coke & Chemical Co. 
Pittsburgh, Pa. 

*Fosrer, ALEXANDER, Jr., Warner Co., 219 N. 
Broad St., Philadelphia, Pa. 

*Fostrrer, T. Jacx, Pumice Aggregate Sales Corp., 
1218. Yale, Albuquerque, N. Mex. 

Fox, J. J., Glens Falls ° ee Cement Co., 
8 Wait St., Glens Falls, N 

*FREEMAN, Joun D., C orps a Engineers, Wright 
Bldg., Tulsa, Okla.” 

*Faeeman, Witiuiam B., Lock Joint Pipe Co., 1716 
California St., Denver, Colo. 

Frisenc, W. R., University of Idaho, Moscow, 
Idaho 

*Frivu, Enic, Vibro-Plus Corp., 243 W. 55th 

Street, New York ° 

Fuommant, FRANK B., Fromhart Construction Co. 

1580 Logan Street, Denver, Colo. 

Fucuicami, Grorae 8.,C olorado A & M (Student) 
920 Remington, Fort re ‘ollins, Colo. 

Fouuver, A. F., Stearns- Roger Mfg. Co., 1731 
California, Denver, Colo. 

Fuvven, O. M., Jn. Lt, U. 8S. Army, C. E., Ft. 
Warren, Wyo. 

Futon, Joun 8., U. 8. Bureau of Reclamation, 
Granby, Colo. 

Fuvts, Geonor E., U. S. Bureau of Reclamation, 
480-16th St. (Besidont) Yuma, Ariz. 

*Funa, L. H., International Engineering Co., 309 
Chamber of Commerce Bldg., Denver, Colo. 
Gaum, Geonae J,, Colorado A & M, 2208. Hawes 

St. (Student) Fort Collins, Colo. 


U. 8S. Army, Ft. F. E. 


7521-16th Ave. 
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GARNJost, Ricuarp, Colorado A & M, 120 W. 
Laurel Street, Fort Cole, Colo. 

*GARRISON, WILLIAM N., U. 8. Bureau of Reclama- 
tion, Denver ‘wa al’ C enter, Denver, Colo. 
*Ganst, Luoyp FE. : Bureau of Reclamation, 

1423 W. Vz alerio, Bs Barbara, Calif. 
Gay, Wavrer E., Rocky Mountain ea 
834 E1C aminito, Santa Fe, N. M. 

Geuri, Emit F., U. 8. Bureau of Reclamation, 
1030 Central Drive, Coulee Dam, Wash. 

Gerarp, C. G., U. 8. Bureau of Reclamation, 
Denver Federal Center, De aves Colo. 

Gereracut, Cuarves T., Bure au of Recla- 
mation, 1 il N. it Aitus, Oki: L. 

Giseps, Haroun J., U. 8. Bureau of Reclamation, 
584 So. Vine St. Mone, Colo. 

*Ginson, EF. L., General Portland Cement Co., 
111 Ww. Monroe St., Chicago, IIL 

Ginson, W. E., Kansas Highway Department, 
823 Bluemont St., Manhattan, Kansas 

Givsert, J. R., Office, Chief of Engineers, Build- 
ing-T-7, We ashington, D.C 

*Gitkey, H. J., lowa State C ‘ollege, Ames, lowa 

GILKEY, Mrs. H. J., lowa State College, Ames, 
lowa 

GILLILAND, J. L., Bureau of Reclamation, Denver 
Federal Center, Denver, Colo. 

*Girnoux, CLayron R., Box 380, Columbia Falls, 
Mont. 

Gisu, Henny J., Stewart Sand & Material Com- 
pany, 304 Grand Ave. Bank Building, Kansas 
City, Mo. 

*Guiantz, O. G., Bureau of Reclamation, 4949 
Decatur St., Denver, Colo. 

*Gvover, Rosert E., U. 8S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 

Gopesaun, Gonvon C., Central Scientific Co., 
1700 hy 4 Park Road, Chicago, IL 

*Gou_pneck, A. T., National Crushed Stone Asso- 
ciation, sii 5E lliott Place, N. W., Wash. D. C. 

*GONNERMAN, H. F., Portland Cement Associa- 
tion, 33 West Grand Avenue, Chicago 10, IIL. 

GONZALES, Kk. E., U. 8S. Bureau of Reclamation, 
4009 Meade St., Denver, Colo. 

Gorton, M. s.,C arter Waters Corp., 2440 Penn- 
way, Kansas City, Mo. 

Soares, Berry ts »., Kansas City, Mo. 

Goss, Roy E., U. S. Bureau of Reclamation, 332 
4th Ave., phd Ariz. 

*Gouip, 8. G., Missouri Portland Cement Co., 
B61! 5 Olive, St. Louis, Mo. 

*GRAFFLIN, Antuur C., Cemenstone Corp., Ne- 
ville Island, Pittsburgh, Pa. 

*Graves, H. D., Lock Joint Pipe Co., 830 Tejon, 
Denver, Colo. 

Green, J. E., Monolith Portland Midwest Co., 
953 North 9th St., Laramie, Wyo. 

Green, WILBUR “wa U.S. Bureau of Reclamation, 
Kortes Dam, Wyo. 

*GREENE, Kennetu T., U. 8S. Bureau of Reclama- 
tion, D. F.C. , Denver, Colo. 

Grirriruh, Cou. W. E., Sika Chemical Corp., 
Denver, Colo. 

*Guinter, L. E., Illinois Inst. of Tech., 3300 Fed- 
eral St., Chicago, Ill 

*Guckert, Donavon, U. S. Engineers, Rock Is- 
land, I 

Guentuen, Exnma L., U. 8. Bureau of Reclama- 
tion, D. F. C., Denver, Colo. 

Guwn, Exnerr F., Corps. of Engineers, Savannah 
District Office, Savannah, Ga. 

Gueranorr, A. L., City Light, 1015 3rd Ave., 
Seattle, Wash. 

Hackett, Tuomas V., U. 8S. Bureau of Reclama- 
tion, 442 Logan Street, Denver, Colo. 

Hacemetstren, L. R., Colorado A & M (Student) 
Fort Collins, Colo. 

Hakim, Azeem A., University of Illinois, 1010 W. 
Illinois St. (Student) Urbana, IIL. 

Hau, M. L., The Baldwin Locomotive Works, 
Philadelphia, Pa. 

Havasrep, L. E., U. 8S. Bureau of Reclamation, 
Denver, Colo. 

Hamivron, Witiiam H., . Bureau of Recla- 
mation, 135 Dahlia St., Den snver, Colo, 
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for THE READY-MIX.\. 
CONCRETE PRODUCTS 
PLANT, AND THE CONTRACTOR 


Fuller-Kinyon Conveying Systems are the really efficient 
method of handling bulk Portland cement. They are built in 
two distinct types—-Fuller-Kinyon Stationary Pump for unload- 
ing from hopper-bottom cars and conveying to storage, and the 
Fuller-Kinyon Remote-Control Unloader for unloading from 
box cars, ships and barges. These systems have proved their 
worth in ready-mix and concrete products plants, and for the 
contractor on highways, dams, and industrial building pro- 
jects. Bulletin FK-20 illustrates and describes these systems. 


Cement is conveyed through pipe lines, overhead or under- 
ground, vertically, horizontally, or up hill. The system is 
efficient and dustless; requires a minimum of power. 


The Fuller Rotary Single-stage Compressor, due to its small 
space requirements and efficiency in operation, is generally 
used to furnish air for these conveying systems. Bulletin C-5 
illustrates and describes Fuller Compressors. 


P-89 


FULLER COMPANY, CATASAUQUA, PENNA 


Chicago, 3 - 120 So. LaSalle St 





San Francisco 4 - 420 Chancery Bldg 
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Hammonp, Joun J., U. S. Bureau of Reclamation, 

De iver, Colo. 

Hampton, G., F. , Pacific Coast Aggregates, Inc., 
400 Alabama St., San Francisco, Calif. 

Hanp, Joun W. ideal Cement Co., 500 Denver 
Natl. Bank Bidg., Denver, Colo. 

*Hanpy, Water N., Combustion By Products 
Co., 228 N. L . Salle St., C hicago 1, 

*Hanna, W. C., California Portland Cement Co. 
Colton, Calif. 

*Hansen, W. C., Universal Atlas Cement Co., 

Buffington, Ind. 

*Hanson, Jonn Arvin, U. S. Bureau of Reclama- 
tion, 2557 S. Milwaukee St., Denver, Colo. 

*Harsor, Epwarp M., U. 8S. Bureau of Reclama- 
tion, 1145 Detroit St., Denver 6, Colo. 

Harps, I. B., Stearns-Roger Mfg. Co., 1731 
California Street, Denver, Colo. 

Hanrais, C., Ideal Cement Co., 530 W. 22nd St., 
Ada, Okla. 

*Harais, Jor T., Ideal Cement Co., Okay, Ark. 

HARKAULI, ANAND, International Engineering Co., 
309 Chamber of Commerce Bldg., Denver, 
Colo. 

*Haxnis, HARLAN Francis, U. 
clamation, Denver Federal Center, 
Colo. 

Hart, Down A., 
Austin 21, Tex. 

Harvey, H, D., 

Colo. 
Harvey, Leonarp R., U. S. Bureau of Reclama- 
tion, Box 730, Hot Springs, 8. D. 

*Harwoop, WARNER, Portland Cement Assn., 33 
W. Grand Ave., Chicago, II. 

*Hasse, O. C., Monarch Cement Co., 
Kans. 

Hastines, James M., University of Colorado, 
Building B-3, Apt. 11, Boulder, Colo. 

Hatrievp, Put, U. 8S. Bureau of Reclamation, 
Bismarck, N. D. 

*Hawkins, M. J., U. S. Bureau of Reclamation, 
Columbia Basin P roject, Ephrata, Wash. 

Hawortu, H. Wayne, International Eng. Co., 
309 Chamber of Commerce Bldg., Denver, ¢ ‘olo. 

*Hayven, J. F., General Portland Cement Co., 
Trinity Division, 1618 Republic Bank Bldg., 
Dallas, Texas 

Hayrwarp, Paut V., University of Colo., Box 248, 
Lafayette, Boulder, Colo 

Heavey, Monte D., Felker Mfg. Co., 1128 
Border Ave., Torrence, Calif. 

*Hepaes, James A., U. 8. Bureau of Reclamation, 
Tracy, Calif. 

HEeEIsLeMAN, Ropert S., U 
tion, Cambridge, ° Neb. 

*Hewiina, W. A., U. 8. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*Hevtms, S. B., Lehigh Portland Cement Co., 
Allentown, Pa. 

Hempe., Hueu W., Stearns Roger Mfg. Co., 1720 
California St., Denver, Colo. 

Heney, CuHarves, Colorado A & M (Student) Fort 
Collins, Colo. 

*Henson, H. L., Peerless Cement Corp., 1144 Free 
Press Bldg., Detroit, Mich. 

Heron, K. W., Heron Engineering Co., 
Acoma ay Denver, Colo. 

Hevsner, A. D., University of Colorado, 1080- 
14th St., Boulder, Colo. 

*HIcKey, Micuaen E. , U. S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 
*Hickxun, M. D., M. D. Hicklin Co., 3072 8. W. 

Fairview Blvd., Portland, Ore. 

*Hiaarnson, Eimo C., U. S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 
Hieur, H. N., Public Service Co. of Colo., 1624 

Grant St., Denver, Colo. 
Hitr, Jack W., U. 8. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
Hitxemeter, L. G., Chain Belt Co., Milwaukee, 
is. 

*Hinps, Franx R., Master Builders Co., 1503-2914 
St., Rock Island, Ill. 

Hirrix, Jean E., Joint Highway Research Pro- 
ject, Purdue, University, Lafayette, Ind. 


S. Bureau of Re- 
Denver, 


Rainhart Co., 602 W. 34th St., 


Colorado A & M, Fort Collins, 


Humboldt, 


. 8S. Bureau of Reclama- 


2000 S. 
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HOAGLAND, Georce G., U. 8. Bureau of Reclama- 

tion, 2341 8. ag end St., Denver, Colo. 
*Honwea, W. International E ngr. Co., 300 
iagara St. qs Colo. 

HOLLAND, L ewis E., W yoming Highway Dept., 
1100 W, 22nd, C hey enne, hy yo. 

*HOLLAND, W ILLIAM Y., U. S. Bureau of Reclama- 
tion, Denver, Colo. 

Hourz, Wesiey G., Bureau of Reclamation, 500 
Garland, Denver, Colo. 

Hommon, C. E., U. 8. Bureau of Reclamation, 891 
8. Vine St., Denver 9, Colo. 

Sours, MARrrTIN T., Jr., 1224-17th Street, Golden, 

oo. 
*Houk, Ivan E., 2585 Cherry Street, Denver, Colo. 
*Howarp, Ep. L., Pacific Coast Aggregates, Inc., 
400 Alabama St., San Francisco, Calif. 

Howarkp, JOHN W: ., U. 8. Bureau of Reclamation, 
Building 11, Denver Feder: al Center, Denver, 
Colo. 

Hoy, H. C., American Steel & Wire Co., 610 Ist 
National Bank, Denver 2, Colo. 

more Quentin, U. 8S. Bureau of Reclamation, 

Gille atte, Wyo. 

Hoyt, M.S., U 





. 8S. Bureau of Reclamation, Cody, 


*Huppsarp, Lewis R., Cleveland Builders Supply 
Co., 1276 W. 3rd St., Cleveland, Ohio 

Husparp, Mrs. L. R., Cleveland Builders Supply 

Co., 1276 W. 3rd Ave., C leveland, Uhio 
*Huper, WILLIAMG., Interns ational Engr. Co., Ine., 
309 Chamber of Commerce Bldg., Denver, Colo 

HutrMark, Myron, Besser Mfg. Co., 20 N 
Wacker Drive, Chicago 6, Ill. 

*Hunt, Carty W., Hunt Process Co., 7012 
ford Ave., Los Angeles 1, Calif. 

Hve, Monamnan R., Dept. of Works & Buildings, 
Govt. of Pakistan, 220 East Jackson, Spring 
field, Ill. 

*Hussain, MAumoop, U. 8S. Bureau of Reclama- 
tion, 1129 Penn St., Denver, Colo. 

Hurron, Kent M., Bureau of Reclamation, 350 
Cherry Street, Denver, Colo. 

Isacu, Joun R., U. 8S. Bureau of Reclamation, 
Riverton, Wyo. 

INMAN, Brent, Chain Belt Co., Milwaukee, Wis. 

*InsLey, Herperr, _ Natl. Bureau of Standards, 
Washington, D. ¢€ 

*Irwin, O. W., Rail Stee! Bar Assn., 
St., Chicago 3, Il 

*Inwin, WittiAM H., U.S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*Jack, OrnviLLe E., Permanente Cement Co., Per- 
manente, Calif. 

*JACKSON, FRANK H., U.S. Public Roads Adminis- 
tration, Washington, D.C. 

*Jacons, W. H., Rail Steel Bar Assn., 38 S. Dear- 
born St.,C hies ago 3, Ill. 

*JAMES, M. k., U. 8. Corps of Engineers, Omaha 


Stan- 


38 S. Dearborn 


Nebr. 
JAQUITH, ARTHUR P., U. S. Bureau of Reclama 
tion, 1625 Franklin St., Denver, Colo 


JEFFERSON, CG. H., Vermiculite Institute, 2540 
Eastwood, Evanston, Ill. 

Jeauvte, Wiitiui1aM K.,, University of Colorado, 1080 
1 4th St. (Student) ‘Boulder , Colo. 

Jenkins, WALTER M S. Bureau of Reclama 
tion, Cambridge, Nebr. 

Jenness, H. L., Colo. Highway Dept., 
Springs, Colo. 

Jessen, R. A., Sika Chemical Corp., 
Ave., Passaic, N. J. 

Jesser, Roger, 815 Peterson (Student) Fort 
Collins, Colo. 

*JouNSON, Bruce M., International Engr. Co., Inc., 
Chamber of Commerce Bldg., Denver, Colo. 
Jounson, Currrorp, Crocker & Ryan, First Natl 

Bank Bldg., Denver, Colo. 
*JounsTone, L. I., Graham Bros., Inc., 
Peck Road, El Monte, Calif. 
Jones, GLENN V., Kansas State Highway Dept., 
R. F. D. No. 1, Manhattan, Kansas 
*Jonrs, A. 8., City of Des Moines, Des Moines, Ia. 
Jones, Cuester W., U.S. Bureau of Reclamation, 
Box 61, Idledale, Colo. 


Glenwood 


35 Gregory 


2000 N. 
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DAREX AEA 


with confidence and economy 


* 
Dewey and Almy Chemical Company 
Cambridge, Massachusetts 


Chicago, Illinois Montreal, Canada 


*T. M. REG. U. S. PAT. OFF. 


DISTRIBUTOR WAREHOUSE STOCKS CONVENIENTLY AVAIL- 
ABLE IN ALL PARTS OF UNITED STATES AND CANADA 











2 EE A Ree 


| 
| 
ii 
if 


Ss eet 


Sey a 


ee ar 


ve 


a 


a? Px 


50 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Jones, KenNeETH, Sohesiaity of Colorado, 1033 
14th Street, Boulder, Co 
Jones, L ERoy W. # Stebbins, Mfg. & Supply Co., 
1733 Blake St., Denver, Colo. 
*Jones, Paut A., U. S. Bureau of Reclamation, 
1272 Penn St., Denver, Colo. 
*JONES, VALENS, Bureau of Reclamation, 4282 
Grove, Denver, Colo. 
Joseru, Kennetu V., 518 Elizabeth, Fort Collins, 
olo. 
*Jupp, Samve.t, U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
*Kacmarik, J., Chicago Pneumatic Tool Company, 
1241 East 49th Street, Cleveland, Ohio 
*Kaxa.t, Auaust D., U.S. Bureau of Reclamation, 
2018 South Williams Street, Grand Lake, Colo. 
*Kapi.a, InpAr P., 456 Ogden St., Denver, Colo. 
Karporr, K. P., U. S. Bureau of Reclamation, 
720 South Dale Court, Denver, Colo. 
*Kaver, T. J., Wire Reinforcement Institute, Inc., 
-. National Press Building, Washington. 


Keerer, Norman W., U.S. Bureau of Reclama- 
tion, 208 East Aber Street, Tucumcari, N. M. 
*KeEELER, WALT, The Walt Keeler Co. , Inc., 237 8. 

Custer, P. O. Box 1972, Wichita, Kansas 
Kerner, Rosent S., Ideal Cement Co., 427 West 
Mulberry S8t., Fort Collins, Colo. 
Ketioce, Francis G., Bureau of Reclamation, 
4841 Raleigh Street, Denver, Colo. 
Ketty, Benson F., Bureau of Reclamation, 8803 
West Colfax Street, Denv er, Colo. 
*Kewiy, Frank L., Colonial Sand & Stone Co., 
Ine. 30 Rockefeller Plaza, New York, New 
or 
*Ke.ty, T. A., Colo. School of Mines, 1592 Maple 
St., Golden, Colo. 
*Ketty, T. M., National Bureau of Standards, 
Washington, D.C 
*KENDALL, EpGcar, Army Engineers, 2879 Bauman, 
Omaha, Neb. 
KENDALL, Mrs. Epaar R., Omaha, Neb. 
*KENNEDY, Henry L., Dewey & Almy Chemical 
Co., 62 Whittemore Ave., ceachetion, Mass. 
*Kennepy, Tuomas B., Waterways Exp. Sta. 
CRD, Vicksburg, Miss. 
*KEREKES, FRANK, Iowa State College, 104 Mars- 
ton Hall, Ames, Ia. 
*Ketrcuvm, M. 8S., Consulting Engineer, 342 Rail- 
way Exchange Building, Denver, Colo. 
——— A. H., State Highway Dept., Montrose, 
olo. 
Kiaatns, Leo D., U. S. Bureau of Reclamation, 
P. O. Box 287, Cody, Wyo. 
Kiituian, Emmett, Colo. State Highway, Box 
1616, Pueblo, Colo. 
Kriurn, Var, Jr., Bureau of Reclamation, 781 
Eudora, Denver, Colo. 
Kiipatrick, T. H., Colo. State Highway Dept., 
1244 Broadway, Denver, Colo. 
*Kinc, Joun C., International Engineering Co., 
c., Chamber of Commerce Bldg., Denver, 
Colo. 
Kine, Myrwe E., Bureau of Reclamation, 1530 
Downing, Denver, Colo. 
*Kina, R. G., Master Builders Co., 3321S. W. 13th 
St. Place, Des Moines, Iowa 
Krnoman, W. W., Dumpcrete Div. Maxon Const. 
Co., 131 N. Ludlow, Dayton, Ohio 
Kinney, Cuarves L., Kinney Trout Farm, Hen- 
derson, Colo. 
*Kirts, J. W., Pacific Coast Agg. Inc., 400 Ala- 
bama Street, San Francisco, Calif. 
*KiemMeE, CiaupeE C., Jr., University of Colorado, 
Boulder, Colo. 
KLocKENTEGER, W. 8., Bureau of Reclamation, 
Idaho Falls, Idaho 
*Kwnickersocker, C. J., Consolidated Cement 
Corporation, Fredonia, Kansas 
KNICKERBOCKER, HvuGu, University of Colorado, 
Boulder, Colo. 
*Kouinski, M. C., Kolinski Concrete Co., 344 E. 
Stewart St., Milwaukee, Wis. 
KoonsmMan, Georace, Colorado A & M, 144 
Woodland, Fort Collins, Colo. 
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Koser, Newton L., Dart Mfg. & Sales Co., 1246 
Champa, Denver, Colo. 
KRAMER, ARTHUR L., Cambridge, Nebr. 
KRETSCHMAR, ERNEST, Silthutt Sales Corp., 20 S. 
Central Ave., C layton, Mo. 
*KRETSINGER, D. G., U.S. Bureau of Reclamation, 
Denver, Colo. 
Krieset, W. C., Baldwin Locomotive Works, 
Philadelphia, Pa. 
*Kroc, Ricnarp J., American Crystal Sugar Co., 
Boston Building, Denver, Colo. 
Krouiit, Kennetu H., Colorado A & M, Fort 
Collins, Colo. 
Krvuecer, Ropert T., U. S. Bureau of Reclama- 
tion, General Delivery, Estes Park, Colo. 
*KRUMBOLTz, Mary, American Concrete Institute, 
New Center Building, Detroit, Mich. 
Lapp, R. W., U. S. Bureau of Reclamation, 786 
Fairfax, Denver, Colo. 
Lams, Biitt L., Colorado A & M, Fort Collins, 
Colo. 
,ANDDECK, NORBERT E., 
Nebr. 
*LANE, NorMAN E., International Engineering Co.., 
Inc., 309 C of C Building, Denver, Colo. 
*LARKINS, NORMAN F., Bureau of Reclamation, 505 
Gilpin Street, Denver, Colo. 
ARMOUR, H., Pacific Portland Cement Co., Red- 
wood City, Calif. 
Lazett, E. W., Jr., University of Colorado, 
Boulder, Colo. 
*Lepyakp, E. A., Monolith Portland Cement Co., 
Monolith, Calif. 
*Lerre., R. E., University of Colorado, Boulder, 
Colo. 
*Len, Howarp H., V. Pres. Keystone Portland 
Cement Co., Bath, Pa. 
*Lercu, Witiiam, Portland Cement Assn., 33 
West Grand Ave., Chicago, II. 
LeTOURNEAU, LEonARD, Bureau of Reclamation, 
1030 Madison, Clyde. Kansas 
*Levison, AkTHUR A., Blaw-Knox Co., Pittsburg, 
Pa. 
*LeEwELLEN, C. P., Howard P. Green Co., 210 
Bever Building, Cedar Rapids, lowa 
LEWELLEN, Mrs. C. P., Howard R. Green Co. 
210 Bever Building, C ‘edar Rapids, Iowa 
LiperTHson, L., L. Sonneborn & Sons, Inc., 88 
Lexington Avenue, New York 16, N. Y. 
LicHTENBERG, E., Koehring Co., Milwaukee, Wis. 
*Linpsay, G. L., Universal Atlas Cement Co., 135 
East 42nd, New York, N. Y. 
Line, C. J., Peerless Cement Corp., 1144 Free 
Press Building, Detroit, Mich. 
Lipp, M. C., U. S. Bureau of Reclamation, 2024 
Gaylord, Denv er, Colo. 
Livinaston, R. E.. Colo. State Hwy. Dept., 512 
State Office Building, Denver, Colo. 
Lonp, Prerre, 1733 8. Clarkson, Student, Denver, 
Colo. 
*Lonc, Joun F., Bureau of Reclamation, 1882 
South St. Paul, Denver, Colo. 
*Lona, M. G., Casper Concrete Co., Billings, Mont. 
Lonecor, Rosertr V., University of Colo., 973- 
14th St., Boulder, Colo. 
Lovett, FRANK, cat tog = ement Co., 315 
Guthrie Street, rn 
LOWDERMILK, WayNE A., C ~ ae A & M (Stu- 
dent) 467 S. University, ‘Denv er, Colo. 
*Lucas, J. W., Department of Public Works, 
Ottawa, Canada 
Lupwia, Kenneth K., 
tion, Tracy, Calif. 
*Lurigz, E. M., Natl. Foundation for Lathing & 
Plastering, Chicago, I 
LusinrinG, A. E., Stebbins Mfg. & Supply Co., 
1733 Blake Street, Denver, Colo. 
Lustia, Sam, Colo. State Highway Dept., Denver, 
Colo. 
*LutTHer, CHarves L., U. S. Engineers, 124 South 
Birchwood, Louisville, Ky. 
Lyons, H. J., N. W. States Portland Cement Co., 
Mason City, lowa 
MAcA Luister, Joun F., U. 8. Public Roads Adm., 
227 New Customs House, Denver, Colo. 


* U. S. Engineers, Omaha, 


” 


—_ 


U. 8. Bureau of Reclama- 














ACI NEWS LETTER 51 


BLAW-KNOX HAS THE ANSWERS 
TO FASTER CONSTRUCTION 
AND BETTER QUALITY 


( neES 
: FINISHING acti 


‘ 
OADS 0 0 
RS FOR A AND A RP ats 














The unbeatable combination of correct de- 
sign, rugged construction and assured per- 
formance has made Blaw-Knox equipment 
first choice of construction men who have a 
reputation for getting things done in a hurry. 
. . . You'll find this trouble-free equipment 
hard at work building roads, airports and 
general concrete construction all over the 
world. 
BLAW-KNOX DIVISION 


OF BLAW-KNOX Co. 
, : . Farmers Bank Bldg., Pittsburgh 22, Pa. 


f ~ 
TRUCK MIXER 
LOADING PLANTS 


STEEL STREET FoRms Representatives in principal cities 


BIL ANWY/ = KINO 


CONSTRUCTION EQUIPMENT 





AGGREGATE 
BATCHING PLANTS 


BULK CEMENT PLANTS 
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*Mackintosu, ALBYN, Mackintosh & Mac Motath, 
306 N. Vermont Ave. ., Los Angeles 4, 
*MacPuerson, Donatp R., The Tec hkote Ge, 
821 W. Manchester Ave., Inglewood, Calif. 
Matcnow, C. D., Denver Union Stock Yard Co., 
Denver, Colo. 
Mautk, M. A., U. 8. Bureau of Reclamation, 1218 
Washington St., Denver, Colo. 
Manopkry, James E., U. 8. Bureau of Reclamation, 
902 Poplar St., Denver, Colo. 
MANGALABHANU, M., U. S. Bureau of Reclama- 
tion, Trivandrum, Travancore, India 
—— Georce A., Huron Portland Cement 
1325 Ford Bldg., Detroit, Mich. 
Manan, Atrrep C., U. 8. Corps of Engineers, 
Augusta, Ga. 


 ‘*Marpouer, F. J., Dewey & Almy Chem. Co., 62 


Whittemore Ave., Cambridge 40, Mass. 
MARSHALL, JOHN S8., State Highway Dept., State 
Office Bldg., Denver, Colo. 
MARSHALL, WARREN S., University of Colorado, 
1157 8. Williams, Denver, Colo. 
*Manrtin, ZENON, Ministry ef Public Works of 
Cuba, Armistad No. 252, Havana, Cuba 
Martinson, E. O., The C. 8. Johnson Co., 
Cham aign, kg 
Mastin, C. B., U. 8. Bureau of Reclamation, Den- 
ver FedersiC ‘enter, Denver, Colo. 
Mason, J. A., Colorado A & M, 237 West St., Fort 
Collins, Colo. 
Maruany, Cuinton C., U. 8. Bureau of Reclama- 
tion, P. O. Box 251, Hot Springs, 8. D. 
MATHEWs, Capr., H: L., S. Navy, U.S. Naval 
Ordnance Test Sta., “t okern, Calif. 
Maruaias, Dave, Spec sink Deputy State Engr., 
Monte Vista, C ‘olo. 
MAXon, <- NWAY, 757 N. Water Street, Mil- 
waukee, W is. 
Mayvew, Bernarp E., University of Colorado, 
3066-6th St., Boulder, Colo. 
*Mayrietp, Evarr. Hercules Powder Co., 900 
Market St., Wilmington, Del. 
Maynam, A. F., Business News, P. O. Box 2, 
Denver, Colo. 
*McBrian, Ray, D & RGW RR, 8th & Osage St., 
Denver, Colo. 
*McCartny, James A., Univ. of Notre Dame, 
Notre Dame, Ind. 
McCuaxen, Cectiv E., Bureau of Reclamation, 345 
South Williams Street, Denver, Colo. 
McCvywrg, A. M., U. 8. Bureau of Reclamation, 
220 N. Lyons, Ft.C ollins, Colo. 

*McCo.vovan, T. R., U. 8. Bureau of Reclama- 
tion, 921 8. Windermere Rd., Littleton, Colo. 
McCoxnELt, Boyp, U.8. Bureau of Reclamation, 

Denver Federal Center, Denver, Colo. 
McConrtson, Geonrce A., Chicago Pneumatic Tool 
Co., 1362 Broadway, Denver, Colo. 
*McCoy, Wa trer J., Lehigh Portland Cement Co., 
718 Hamilton St., Allentown, Pa. 
McCrimmon, Don, Colorado A & M, 903 Stover, 
(Student) Fort Collins, Colo. 
McDowna tp, L. D., U.S.E.D., Kansas City, Miss. 
McDonovu Gu, JAMES M., Denver District C orps 
of Engineers, Railway E xchange Building, Den- 
ver, Colo. 
McDowe tt, W. B., Crocker & Ryan, 408 Ex- 
change Bldg., Denver, Colo. 
McEvpowney, Gien, Colo. State Highway 
Dept., Box pe, Colo. Springs, Colo. 
Mc Ewen, T. R., Mine & Smelter Supply Co., 1422 
17th St., Denver, Colo. 
McFARLAND, Hanovp, U. 8S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 
McGratn, B. R., Bureau of Reclamation, 1960 
Glen Shiel Drive, Denver 15, Colo. 

McHenry, Dovetas, U. 8. Bureau of Reclama- 
tion, Denver, Colo. 

McIntosu, H. P., Arizona Sand & Rock Co., 
Phoenix, Ariz. 

MclInrosu, Oak.tey W., Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

MclIwrosu, Water, University of Colorado, 169 

Mens Dorm., Boulder, Colo. 

McKenot, Gorpow D., Colorado A & M, 604 

Remington (Student) Fort Collins, Colo. 
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McKinuey, Ricwarp, McKinley Transit Mix 
Concrete Co., Greeley, Colo. 
McKowen, Wayne D., Colo. Pre-Mix Concrete 
Co., 24th & Delgany, Denver, Colo. 
*McLean, Harry H., U.S. Bureau of Reclamation, 
Box A, ——— Falls, Mont. 
*McMILLAN, , Portland Cement Assn., 33 W. 
Grand Ave. “Chinen 10, I. 
*McMILLEN, Dau ge S8., U. 8S. Bureau of Reclama- 
tion, Denver Ik ‘ederal C ‘enter, Denver, Colo. 
McMILLEN, HELEN B., Denver, Colorado 
McNamara, F. P., Colo. State Highway Dept., 
1244 Broadway, neath Colo. 
MeNicnoras, G. F., Colo. State Highway Dept., 
Pagosa Springs, Colo, 
McNEEL, Oxiver F. S. Bureau of Reclama- 
tion, 3825 W. anally Denver, Colo. 
Merket, Epwarp J., Jr., Ideal Cement Co., La 
Porte, Colo. 
*Mern, Garpner W., Calaveras Cement Co., 315 
Montgomery. San F sancioe 0, Calif. 
*Meissner, HW. S., U. S. Bureau of Reclamation, 
Denver, Colo. 
*Me vor, D. M., W. Virginia Pulp & Paper Co., 
Luke, Md. 
*Meneree, F. N., University of Michigan, Ann 
Arbor, Mich. 
*MENENDEz, AntuRO, Ministry of Public Works of 
Cuba, Zapata No. 918, Havana, Cuba 
MeENKEMEYER, Henry, Colorado A & M, 509 W. 
Lake (Student) Fort Collins, Colo. 
*MenzeEx, Cart A., Portland Cement Assn., 33 W. 
Grand Avenue, Chicago, Ill. 
*Menrcer, R. T., Mercer Steel Co., Inc., 2555 N, 
W. Nicola, Portland, Ore. 
Merepitu, Joun A., Bureau of Reclamation, 
Denver, Colo. 
Merriti, L. D., Fountain Sand & Gravel Co., 
P. O. Box 513, Pueblo, Colo. 
Merten, Frep K., Colo. State Highway Dept., 
1244 Broadway, Denver, Colo. 
*Meyers, 8S. L., Southwestern Portland Cement 
Co., Box 392, El Paso, Texas 
Micuer, Max, French Trainee, Bureau of Re- 
clamation, Denver, Colo. 
*MICHELIS, B., S. Bureau of Reclamation, 316- 
7th St., pom h, Calif. 
*MIELENZ, RICHARD Oia U. S. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 
Miucer, Davin J., Miller & McKinley, Coronado 
Bldg., Greeley, Colo. 
Mituier, Frep W., Colo. State Highway Dept., 
1244 Broadway, Denver, Colo. 
oo Lesus H., U. 8. Public Roads Admin., 
254 New C ustoms House, Denver 3, Colo. 
Mitier, Mervin, Jr., Colorado A & M, Fort 
Collins, Colo. 
*MILLIKAN, Ourver H., U. 8. Bureau of Reclama- 
tion, Denver Federal Center, Denver, Colo. 
*MINSHALL, Date, U. 8. Bureau of Reclamation, 
Friant, Calif. 
Mrircne yi, D. R., Colo. State Highway Dept., 
Canon City, Colo. 

*MrircuHe.y, Leonarp J., U. 8. Bureau of Reclama- 
tion, 3760 8. Sherman St., Englewood, Colo. 
Mouanty, A. B., International Engineering Co., 

309 Chamber of Commerce Bldg., Denver, Colo. 
Mouanty, Hemanta Kumar, U. 8. Bureau of 
Reclamation (India), 1163 Washington St., 
Denver, Colo. 
Mo .e.voy, Sam, 1516 Remington (Student) Fort 
Collins, Colo. 
*Mo.xe, E. C., Roberts & Schaefer Co., 307 N. 
Michigan Ave., Chicago, I 
*Monancut, Josernu L., R. J. Tipton & Assoc. En- 
gineers, 602 Insurance Bldg., Denver, Colo. 
ee G. E., Bureau of Reclamation, Denver, 
Colo. 
Monrtaone, Pavut A., French Trainee, 847 Pearl 
Street, Denver, Cato. 
Montcomery, Ernest, Colo. State Highway 
Dept., Colo. Springs, Colo. 
Montoomery, E. E., Colo. State Highway Dept., 
1244 Broadway, Denver, Colo. 
*Moonreg, A. F., Penn-Dixie Cement Corp., 60 E. 
42nd St., New York, N. Y 
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Moore, J. R., J enapasges Eng. Co., 3900 Choteau, 
iF Louis, M 
Moore, Fda aaa tod of Colorado (Stu- 
dent) Boulder, Colo 
*Moorueap, R. M., 
Sunnyside, q 
*Moran, Wiu1s T., U. S. Bureau of penation, 
Denver Federal Center, Denver, Co 
*Moraan, N. D., Jr., Asst. Prof. of Civil Engr., 
Univ. of Wyoming, Laramie, Wyo 
Mortey, Pav R., Colo. State Highway Dept., 
2520 S. Humboldt St., Denver, Co 
*Morazis, R. W., Colo. Pre-Mix, 24th mw 5 Delgany, 
Denver, Colo. 
Morrissey, M. A., Mass. Highway Dept., 100 
Nashua, Boston, Mass. 
Mortensen, C. H., University of Colorado, 
Le gy 955 Fairview, Boulder, Colo. 
Georce E., University of ‘Colorado, 1328 
Wainut St. Boulder, Colo. 
Movte, &S., Monolith Portland & Midwest Co., 953 
N. 9th St. t., Laramie, Wyo. 
MULHERN, R. E., University of Colorado, 1029 
Broadway, mim Colo. 
*Mo.key, W. T., 8S. Bureau of Reclamation, 
ulee City, W fash, 
Muttan, Tuomas F., Permanente Cement Co., 
1924 Broadway, Oakland, Calif. 
*Mu.uiner, Ravpu J., U. S. Bureau of Reclama- 
tion, 24 Woodland ‘Ave., Kalispell, Mont. 
Mutts, E. V., Stearns-Roger Mig. Co., 1733 
California St., "Denver, Colo. 
*Mumrorp, R. P., The Beckley & Myers Co., 117 
Roosevelt Dr., Springfield, Ohio 
MouncGer, Etmer L., 724 Kearney St., Manhattan, 
Kansas 
Murpuy, Bernarp D., U. 8. Bureau of Reclama- 
tion, South Platte River Dist., Denver, Colo. 
Mourpuy, Leonarp P., U. 8. Bureau of Reclama- 
tion, McCook, Nebr. 
*Mourray, V. 8., Murray Associates, Ltd., 393A 
Fleet St., W., Toronto, Canada 
*NEELANDS, WILLIAM T., Corp. of Engineers, Box 
915, Augusta, Georgia 
Nerr, 8S. G., Corps of Engineers, 909 17th St., 
Denver, Colo. 
*Neve, Henry L., U. S. Bureau of Reclamation, 
2435 Osceola Street, Denver, Colo. 
NEWELL, Frank F., U. 8. Bureau of Reclamation, 
Kalispell, Mont. 
*NEWLAND, WALTER, Grand Lake, Colo. 
Nrrra, Wiiuiam §., University of Colorado, 
Boulder, Colo. 
Nose, EvGene M., University of Colorado, 1806- 
19th, Boulder, Colo. 
*Norton, F. A., Bureau of Reclamation, Tracy, 
Calif. 
Novak, Lzo C., University of Colorado, Boulder, 
Colo 


J. S. Bureau of Reclamation, 


Osorn, Evcene T., U. 8. Bureau of Reclamation, 
Denver, Colo. 
*Orcus_e, Etmer H., Widmer Engineering Co., 
918 Fullerton pie, St. Louis, Mo. 
*Orricer, Joun D., S. Bureau of Reclamation, 
Columbia Falls, ia 
Ousen, Owen J., U. 8S. Bureau of Reclamation, 
Denver, Colo. 
OrmsBee, Dan W., Colorado State Highway 
Dept., State Office Building, Denver, Colo. 
Om. Pauw E., Bureau of Reclamation, Denver, 
olo. 
Ornis, James R., Univ. of Denver-Dept. of C. F., 
1039 Adams Street, Denver, Colo. 
*Orrerson, GreorGce L., Corps. of Engineers, 
Mountain Home, Ark. 
Oviatt, E. W., Colo. Hwy. Dept., 2915 Ash 
Street, Denver, Colo. 
*Patmer, Kennetu E., Ideal Cement Co., 108 N. 
Shields, Ft. Collins, Colo. 
Parke, Mitton G., Consolidated Sales Co., Bon- 
dact Division, Kansas City, Mo 
*Parxer, W. E., Hydro-Electric Power Comm., 
Toronto, Canada 
ParMAKIAN, Jounn, U. S. Bureau of Reclamation, 
Denver, Colo. 
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Parrisu, Mitton R., Bureau of Reclamation, 
1735 Gaylord Street, Denver, Colo. 

*Parsons, Dovuctias E., Natl. Bureau of Standards, 
Washington, Es. 

Paterson, Jack, Ontario Dept. of Highways, 
Toronto, Ontario 

*PATTERSON, RayMOND, Intrusion Prepakt, Inc., 
80 E. Jackson Blvd., Chicago 4, Ill. 

*PaTTon, FRANcis H., U. 8. Bureau of Reclama- 
tion, Antioch, Calif. 

*Paxson, G. S., Oregon State Highway Comm. 
Salem, € Yregon 

*Pranovy, Dean, Jr., M.I.T. & Harvard, Cam- 
bridge, Mass. 

Prererson, C. E 
Moline, Il. 

*Prererson, Exuis J., U. 
Imperial, Nebr. 

*Pretry, Frep, Colo. Pre-Mix Concrete Co., 24th 
and Delgany, Denver, Colo. 

*Pui ups, O. O., R. S. Tipton & Associates, Engr., 
Denver, Colo. 

Pierce, Georce W., Climax, Molybdenum Co., 
Climax, Colo. 

*Pituina, A. H., Richmond Screw Anchor Co., Inc., 
11 Grove Place, Oceanside, N. Y. 

*Por, StrerHen H., U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*PorsneR, Ben, General Testing Labs., 1519 
Walnut St., Kansas City, Mo. 

*Povatry, James M., War Dept., Corps of Engi- 
neers, Cartersville, Ga. 

Porter, Levanp C., U.S. Bureau of Reclamation, 
1558. Clay St., Denver, Colo. 

*Post, Cuester L., Public Buildings Admin., 1 
Scott Circle, W ashington, D.C. 

*Pouter, JoHN W., Koehring Company, 3026 W. 
Concordia Ave., Milwaukee 10, Wis 

*Powers, Kennet L., U. S. areas. ‘of Reclama- 
tion, St. Francis, Kansas 

Powers, Rosert E., Hunt Process Company, 
7012 Stanford Ave., Los Angeles, Calif. 

*Powers, T. C., Portland Cement Assn., 33 W. 
Grand Ave., Chicago, III. 

*Pratt, Horace A., University of Maine, Tech- 
nology Experiment Sta., Orono, Maine 

*Price, G. B., Price Brothers Co., 1932 E. Monu- 
ment, Dayton, Ohio 

*Price, WALTER H., U.S. Bureau of Reclamation, 
2550 S. St. Paul St., Denver, Colo. 

Prior, M. E., Dewey & Almy Chemical Co., 62 
Whitemore Ave., Cambridge, Mass. 

*Pritcuarp, L. R., Lone Star Cement Corp., 342 
Madison Ave., New York ie & ol 

*PumpLe, Capr. F. A., Ottawa, Ont., Canada 

QurResut, Mumtaz Hustan, U. 8. Bureau of Re- 
clamation, 1129 Pennsylvania St., Denver, 
Colo. 

Quine, T. Artuur, Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*Raver, R. D., Portland Cement Information 
Bureau, 564 Market Street, San Francisco, 
Calif. ‘ 

*RaEDER, WARREN, Univ. of Colorado, Boulder, 

olo. 

Rates, Coanves C., Rainhart Company, 602 W. 
34th St., Austin, Texas 

RaMALEyY, Davin, Bureau of Reclamation, 1250 
Cook St., Denver, Colo. 

RANDALL, Roy J., Colorado Highway Dept., 444 
South Williams, Denver, Colo. 

*RANGARAJAN, V. A., U. S. Bureau of Reclamation, 
2001 East 22nd Avenue, Denver, Colo. 

Rankin, A. O., U. 8. Bureau of Reclamation, 
Federal Center, Denver, Colo. 

*Rao, P.V.N.K.V., Engineer, India, 1218 Wash- 
ington St., Denver, Colo. 

*Rao, R. C., U. S. Bureau of Reclamation, Denver, 

olo. 

*RAPHAEL, JEROME M., U.S. Bureau of Reclama- 
tion, 2501 South Josephine, Denver, Colo. 

Rasuip, Asppur, Bureau of Reclamation, 1416 
Delware St., Denver, Colo. 

*Rasuip, M. A., Carnegie Institute of Technology 
Pittsburgh, Pa. 
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TO YOUNG WORKING GIRLS — 
WHETHER IN LOVE OR NOT 


When a young girl goes to work, she 
is apt to look on her job pretty much 
as a fill-in between maturity and mar- 
riage. 

Whether in love or not, she’s con- 
fident that a handsome breadwinner 
will come along...to provide her with a 
nice combination of bliss and security. 


“So why,” she may ask, “should I 
save money out of what I make?” 

There are a number of reasons why 
—all good ones. 

So we urge all working girls—if 
you're not buying U. S. Savings Bonds 





on a Payroll Plan, get started now. 


It’s an easy, painless, and automatic 
way to set aside money for the future. 
In ten years, you'll get back $4 for 
every $3 you put in—and a welcome 
$4 you'll find it! 


Remember, girls — having money 
of your own may not make you more 
attractive, but it certainly won’t make 
you less! 


P.S. Women not on payrolls, but who 
have a checking account in a bank, should 
buy their Bonds on the simple, automatic 
Bond-A-Month Plan. 


AUTOMATIC SAVING IS SURE SAVING — U.S. SAVINGS BONDS 
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*Rasmvusson, I. Portland Cement Association, 
1956 Hudson, Mus er, Colo. 
*RAWHOUSER, CLARENCE, U. 8S. Bureau of Recla- 
mation, 1203 Jasmine St., Denver, Colo. 
*Ray, Cary J., Commercial Testing Laboratories, 
Lipan Street, Denver, Colo. 
Ray, Cart J., Jr., Commercial Testing Lab., 519 
Lipan St., Denver, Colo. 
*Ray Rivero, MANu EL, Ministry of Public Works, 
Lealtad 620, Havana, Cuba 
Rea, Dare H., Dale & Rea, Consulting Engrs., 
510 Boston Bldg., Denver, Colo. 
*ReapinG, THomas J., Corps. of Engineers, David- 
son Building, Kansas City, Mo. 
Reeper, D. G., Chicago Pneumatic Tool Co., 6 
East 44th St., New York 
Reeves, A. B., U. 8. Bureau of Reclamation, 845 
Ellipse Way, Denver, Colo. 
Remer, R. D., Stearns Roger Manufacturing Co., 
1720 California St., Denver, Colo. 
*Renz, Car F., Ohio River Division Lab., 5851 
Mariemont Av enue, Cincinnati, Ohio 
*REYNOLDSs, Lovis N., . 8. Bureau of Reclama- 
tion, 228 Lyons St., Fort C ollins, Colo. 
*RHOADES, RoGER, Bureau of Reclamation, Denver 
Federal Center, Denver, Colo. 
Ricuarps, Tom, Riehle Testing Machines, E. 
Moline, Ill. 
Ricumonp, Cryve E., Jr., Colorado A & M, 714 
Remington (Student) Fort Collins, Colo. 
*Ricxey, Horace B., Jr., University of Wyoming, 
115 Patton Street, Laramie, Wyo. 
Rippiez, A. C., Building Research Station, Eng- 
land 
Rrepe, G. E., 7007 N. Federal Blvd., Denver, Colo 
RINNANDER, Victor, V. Rinnander Construction 
Co., 5807 Federal, Denver, Colo. 
RINNANDER, Marcie, 5807 Federal, Denver, Colo. 
*Rippon, Cuarwes S., U. S. Bureau of Reclama- 
tion, Kortes Dam, Wyo. 
Rrrrer, Ray J., Box 296, Deer Trail, Colo. 
RircuHey , Forre ST, Bureau of Rec ‘lamation, 4960 
Decatur Street, Denver, Colo. 
*Roserts, D. F., Smith-Emery Co., 920 Santee 
St., Los Angeles, Calif. 
*Rosinson, B. L., Assoc. of Amer. Railroads, 59 E. 
Van Buren S.. , Chicago, Ill. 
Rosinson, 8. N., Stearns-Roger Mfg. Co., 1720 
California Street, Denver, Colo. 
*Rosison, Joun W., Bureau of Reclamation, Den- 
ver, Colo. 
*Rockxwoop, NaTtuan C., Rock Products, 309 West 
Jackson Boulevard, Chicago, Il. 
Roppy, Don, Mall Tool Co., 7740 So. Chicago 
Ave., Chicago, Ill. 
*RovGers, Ben O., Bureau of Reclamation, 2310 
8. Gilpin St., Denver, Colo. 
*Ropcers, G. H., Ideal Cement Co., Alabama 
State Docks, Mobile, Ala. 
Rocan, Georae O., Missouri Portland Cement 
Co., 3615 Olive St., St. Louis, Mo. 
Rotre, R. L., 2204 Griffin St., Dallas, Texas 
*Ros, M. R., ‘Consulting Engineer, 47 Beethoven 
Str., Zurich, Switzerland 
Ross, 'Worru B.. U. S.P.R.A., Denver, Colo. 
Roruenserga, A. 8., Colorado A & M, Fort Collins 
Colo. 
Roze.tite, Lewis C., Stearns-Roger Mfg. Co., 
1731 California Street, Denver, Colo. 
Rurratti, Micuae. J., Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
Russet, 8S. W., Monolith Portland Midwest Co., 
505 Tramway Building, Denver, Colo. 
—_— QvueENTIN, University of Colorado, Boulder, 
solo. 


aoe Mrs. Quentin, Vetsville Q-5, Boulder, 
olo. 


*Ryan, Atrrep J., Crocker & Ryan, 1231 Ist Natl. 
Bank Bldg., Denv er, Colo. 
*RyLanp, Enos W., Bureau of Reclamation, 945 8 
University Blvd., Denver, Colo. 
Sarspery, Daniex E., U. 8. Bureau of Reclama- 
tion, Miles City, Mont. 
Samson, G. A., U. S. Bureau of Reclamation, 224 
North Lyons, Fort Collins, Colo. 
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*SANDBERG, R. C., Architect & Engineer, 300 R. I. 
Bank Bldg., Rock Island, II. 
SANDBERG, Mrs. R. C., R. C. Sandberg, Archi- 
tect, 300 R. I. Bank Bl ig., Rock Island, IIL. 
*SANDSTEDT, Cari. Epwarp, A & M College of 
Texas, College Station, Texas 
Sanrorp, Waucrer A., U. S. Bureau of Reclama- 
tion, Hardin, Mont. 
SavaGce, Dick, Presstite Engineering Co.,3900 
Chouteau, St. Louis, Mo. 
Scuerck, Byron E., Bureau of Reclamation, 
1325 D. Street, Antioch, Calif. 
ScHINDLER, Ernest R., City of Seattle, Light 
Dept., 1015-3rd Avenue, Seattle, Wash. 
ScuiLocker, J., Bureau of Reclamation, 711-19th 
Street, Golde n, Colo. 
*Scumip, E., a Chemical Corp., 35 Gregory 
Avenue, Resa N. J. 
*Scumitr, F. E., U. S. Bureau of Reclamation, 
1420 Logan Street, Denver, Colo. 
Scunerper, W. E., Bureau of Reclamation, Den- 
ver Federal C enter, Denver, Colo. 
*ScuHo.ter, C. H., Kansas State College, Man- 
hattan, Kansas 
Scuoonover, L., U. 8S. Bureau of Reclamation, 
tiverton, Wyo. 
Scuuitre, Joun K., University of Colorado, 
Boulder, Colo. 
Scuuitz, E. R., U. 8S. Bureau of Reclamation, 
2853 wr ‘Street, Denver, Colo. 
Scuuttz, N. , Bureau of Reclamation, Denver 
F otee al C e at , Denver, Colo. 
Scort, C. W., Chicago Pneumatic Tool Co., 855 
Bry: 45 Street, San Francisco, Calif. 
*ScripTure, E. W., Jn., Master Builders Co., 7016 
Euclid Av enue, C leveland, Ohio 
*Sepaewick, Artuur, Dept. of Highways, Par! 
Buildings, Toronto, Ont. 
Seetye, Joun C., City of Pueblo, City Hall, 
Pueblo, Colo. 
*Sresuapri, A., U. S. Bureau of Reclamation, 1218 
Washington Street, Denver, Colo. 
SHarp, Georce E., Bureau of Reclamation, 1142 
West 6th Street, Livermore, Calif. 
*SHaver, Joun W., Concrete Publishing Corp., 400 
West Madison, Chicago, I 
Suepa, Ray, Denver Fire Clay Co., 2301 Blake, 
Denver, Colo. 
*Suerrop, R. T., Chain Belt Company, Milwaukee 
is. 
*Suipever, Josern J., Bureau of 
2881 Raleigh Street, Denver, Colo. 
*Suo es, James R., Bureau of Reclamation, Box 
900, Cody, Wyo. 
SILverRMAN, I. K., Bureau of Reclamation, 761 
Garfield, Denver, Colo. 
Simons, Mason D., Bureau of Reclamation, Rt. 2, 
Box 182, Pittsburg, Calif. 
SrvaLincam, P., Bureau of Reclamation, Melur, 
India 
Sivers, Wenpveri C., University of Colorado, 
Boulder, Colo. . 
*SKINNER, Ropert P., Bureau of Reclamation, 
Palisades Dam, Idaho Falls, Idaho 
Srierren, H. S8., Colo. Pumice Tile Co., 3271 Clay 
Street, Denver 10, Colo. 
*S.icAR, Jos. N. Jn., R. J. Tipton & Associates, 602 
Insurance Bldg., Denver, Colo. 
Smauun, E. C., Bureau of Reclamation, 5252 
Harvey Avenue, Fresno, Calif. 
Samira, A. Leonarp, Bureau of Reclamation, 
Denver Federal C oe. Denver, Colo. 
Sairn, Fasion L. . 8. Bureau of Reclamation, 
Denver Federal C Bod, Denver, Colo. 
Saira, G. F., Bureau of Reclamation, Ft. Morgan, 
Colo. 
Smirn, Le.ranp R., Bureau of Reclamation, 
Columbia Falls, Mont. 
Smirn, R. A., Colorado State Highway, 1260 Vine 
St., Denver, Colorado 
Soper, GLEN, Colo. State Highway Dept., Steam- 
boat Spgs., Colo. 
Sparks, Warren 0., University of Colorado, 
1634 Walnut, Boulder, Colo. 
SpeARMAN, Rupert B., U. 8. Bureau of Reclama- 
tion, 1012 Wyoming St., Boulder C ity, Nev. 
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*Spencer, R. W., So. Calif. Edison, 2305 Lorain 
toad, San Marin, Calif. 
Sp . — E. H., A. C. Horn C ompany, 43-36-10th 
. Long island G ity, New York 
Pn Marvin R., Bureau of Reclamation, 
Denver, Colo. 
Sprvie.., J.8., Volunteer Cement Company, 4135 
Alma Avenue, Knoxville, Tenn. 
7 = vE, Joun C., Corps. of Engineers, P. O. Box 
, Marietta, Georgia 
Sra eee N. T. “ . of Water Supply, 120 Wall 
Street, New York, 
Sran., G. W., Paes Floor Company, 228 
North LaSalle, Chicago, Il. 
*STANTON, Tuomas E., Calif. Div. of Highways, 
3435 Serra Way, Sacramento, Calif. 
Srark, Joun F., Besser Mfg. Company, 1074 
Maryland Avenue, Detroit, Mich 
*SreeLe, Byram W., War Department, 118 North 
Oakland Street, Arlington, Va. 
Srone, Artuur H., Div. of Waterways, State of 
Ill., 201 W. Monroe 8t., Springfield, I 
Stormonts, R. A., Bondact Consolidated Sales, 
1345 Boilvin Avene, tockford, IIL. 
Srorsensurecu, Wa. C., Tinius Olsen Test. Mach. 
Co., 500 North 1 ath Street, Phil: oe Pa. 
Srrauss, G. , Strauss Cinder Block Co. Inc., 
5050 Race Street, Denver, Colo. 
Srrickuin, Tep, Colorado A & M, Fort Collins, 
O11}. 
*Srriowski, J. B., Winnipeg Engineering Dept., 
223 James Avenue, Winnipeg, Canada 
Srronc, LAwrence E., Bureau of Reclamation, 
Fort ¢ cen ‘olo. 
” BBS, JOHN ’ Colo. State Highway, Box 152, 
Color: spotesla. Colo. 
*Suarnez, Evena, Ave de Belgica No. 11, Havana, 
Cuba 
SuKHYANGA, §8., 1619 Emerson Street, Denver, 
Colo. 
Surron, C. Dept. of Roads & Irrigation, 620 
South +r Lincoln, Nebr. 
Swanson, E. G., Colo. State Highway, 1370 
Krameria Street, Denver, Colo. 
*Swayze, M. A., Lone Star Cement Corp., 342 
Madison Avenue, New York, N. 
Sweeney, Frank M., Wilson-Albrecht C ompany, 
2210 Harlan Boulevard, Denver, Colo. 
Sweet, Ricuarp W., U. S. Bureau of Reclama- 
tion, Box 231, Estes Park, Colo. 
Swenson, WiLrrep H., Bureau of Reclamation, 
sillings, Montana 
Tatsor, A. D., U. 8S. Rubber Company, 1513 
Wazee, Denver, Colo. 
*TaTMAN, Pum J., P.C.A., 901 Leavenworth, 
Manhattan, Kansas 
Tayvor, Atsert 8. J., Colorado A & M, Fort 
Collins, Colo. 
Taywor, C. W., Alexite Engineering, 1019 North 
Wahsatch, Colorado Springs, Colo. 

*Taytor, Tuomas G., Portland Cement Associa- 
tion, 33 West Grand Avenue, Chicago, II. 
*Trepesko, ANTON, Roberts & Schaefer Company, 
307 North Michigan Avenue, Chicago, Il. 

*Terzacui, Ruta D., Winchester, Mass. 
Tessiror, FRANK, U . S. Bureau of Reclamation, 
Denver, Colo. 
*THoman, WititiaAmM H., University of Colorado, 
Boulder, ro 
*THomas, A. C., Jaeger Machine Company, 550 
West cies dasene Columbus, Ohio 
Tuomas, C. W., U. 8S. Bureau of Reclamation, 
Denver Feder: - enter, Denver, Colo. 
*Tuomas, K. C., Carnegie Institute of Technology, 
P ittsburgh, 'P ‘a. 
Tuomas, Tom B., U. 8. 
Fort Collins, Colo. 
*Tuompson, J. Neiits, The University of Texas, 
Austin, Texas 
*Tuomson, Harry F., General Material Company, 
605 Buder Building, St. Louis, Mo. 
Tuomson, Mrs. H. F., St. Louis, Mo. 
*TuHorssen, LeRoy A., University of Alberta, 
11113-82nd Avenue, Edmonton, Alberta 
Tipton, RaymMonp, Ready Mixed Concrete Co., 
Denver, Colo. 
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*Toxsrn. Rovert E., Portland Cement Assn., 1005 
O.N.B. Bldg., Spokane, Wash. 
TowLe, Fosrer, U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
*TOWNSEND, CHARLES L., U. 8. Bureau of Recla- 
mation, Denver Federal Center, Denver, Colo. 
*Tremrer, BarLtey, Dept. of Highways, Olympia, 
Wash. 
Trurvs, ALrrep (Student) Denver, Colo. 
*TurRLEY, Sytvestrer J., U.S. a of Reclama- 
tion, Box 1: 28, ( ‘oachella, calif. 
*TURNEAURE, E E., Univ. of Wisconsin, 166 N 
Prospect Avenue, Madison, Wis. 
Turzi__o, Lee, Instrusion-Prepakt, Inc., Union 
Commerce Bldg., Cleveland, Ohio 
*TuTHILi, Lewis H., U. 8. Bureau of Reclamation, 
1201 Monaco Parkway, Denver, Colo. 
*Tyter, I. L., Portland Cement Assn., 33 W. 
Grand, Chicago 10, Ill 
Unricu, Roserr H., University of Colorado, 2471 
Broadway, Boulder, Colo. 
*VaiL_, Kenyon C., Laboratories Incorporated, 811 
Larimer Street, Denver, Colo. 
*Vawn Arra, Frep F., American Concrete Institute, 
717 New Center Building, Detroit, Mich. 
*Van pe Greyn, E. B., N. Mex. State Highway 
Dept., Capitol Bldg., Santa Fe, N. M. 
"ANDERWERP, Harry L., Medusa Portland Ce- 
ment, Cleveland, ( Jhio 
an Greson, G. J., Bureau of Reclamation, Den- 
ver, Colo. 
*Van Ness, R., U. 8. Rubber Company, 1230 Ave. 
of Americas, ade York, N. Y. 
AN Pattren, H. A., Masons Supply Company, 
2637 8S. E. 12th Avenue, Portland, Ore. 
Ver Brucar, M. A., Wyoming Highway Dept., 
3002 Carey Ave., Cheyenne, Wyo. 
*Vouiick, CHarues A., U.S 
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§. Bureau of Reclama- 
tion, 2616 Fairfax, Denver, Colo. 
VoONDERLIPPE, PauL, Bureau of Reclamation, 660 
Forest Street, Denver, Colo. 
Voss, Epwin H., University of Colorado, Boulder, 
Colo. 
*Wavppe tz, J. J., U. 8. Bureau of Reclamation, 1380 
Del Mar, Fresno, Calif. 
Wapuams, F. E., Mall Tool Co., San Francisco, 
Calif. 
Waonvey, Freperick H., Colo. Builders Supply Co 
1534 Blake Street, Denver, Colo. 
Waaoner, Arruur A., U. 8. Bureau of Reclama- 
tion, Denver, Colo. 
Waaoner, C. H., U. 8. Engineers, Harlan County 
Dam, Republic City, Nebr. 

*WALKER, STANTON, Natl. Sand & Gravel Associa- 
tion, 951 Munsey Building, Washington, D.C. 
Wacker, WiiiiaM T., U. Bureau of Reclama- 
tion, 5525 WwW. ( ‘olfax randy Denver, ( ‘olo. 
*Wactiace, Georce B., Bureau of Reclamation, 

1616 So. Elizabeth, Denver, Colo. 
*Wavrer, Don S., Bureau of Reclamation, Ander- 
son Dam, Idaho 
Water, Joun, Ontario Department of High- 
ways, 549 Atlas Avenue, Toronto, Canada 
Watvoorp, O. W., O. W. Walvoord Co., 401 High 
‘t., Denver, Colo. 
*Warpera, 8S. J., Giffels & Vallet, Inc., 20800 
Audette, Dearborn, Mich. 
Warp, Georce W., Corps of Engineers, Mobile 
Engineer District, Mobile, Ala. 
*Warvp, Georce W., Midwest Research Institute, 
4049 Penn St., Kansas City, Mo. 
*Warp, R. B., U. S. Bureau of Reclamation, Box 
551, Fort Collins, Colo. 
Ware, 8. J., Bureau of Reclamation, Box 2130, 
Billings, Mont. 
Warnock, J. E., U. S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 
*Wasua, Georce W., University of Wisconsin, 
Ed. & Eng. Building, Madison, Wis. 
Wasusurn, A. V., Autolene Lubricants Co., 1143 
Princeton, Billings, Mont. 
Wavoun, R. F., Colorado State Highway Dept., 
333 East 16th Avenue, Denver, Colo. 
Weaver, W. 8., Canada Cement Company, 
Phillips Square, Montreal, Quebec 
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*Weper, A. Car, Laclede Steel & Scrap Co., Ar- 
cade Building, St. Louis, Mo. 

*Weper, W. R., Colorado Builders Supply Com- 
pany, 1534 Blake Street, Denver, Colo. 

Weinsenc, Davin, Bureau of Reclamation, Den- 
ver Federal Center, Denver, Colo. 

*Wenaenr, E. €., Portland Cement Association, 33 
W. Grand Avenue, Chicago, Ill. 

Werner, Harry J., Colorado A & M, 405 Wood 
Street, Fort Collins, Colo. 

*Wertz, Lovis 8S., Intrusion-Prepakt, Inc., Union 

Commerce Building, Cleveland, Ohio 
West, Harovp H., U.S. Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. 

*Wuirrte, Harvey, Secy.-Treas. American Con- 

-— Inst., New Center Building, Detroit, 
ich. 

Wurraker, Davin S., Stearns Roger Mfg. Co., 
1733 California St., Denver, Colo. 

Wurre, Kink, State Highway Department, Den- 
ver, Colo. 

Warrock, Joun L., Fountain Sand & Gravel 
Co., P. O. Box 513, Pueblo, Colo. 

Wuirman, P. G., Hunt Process Company, 7012 
Stanford Avenue, Los Angeles, Calif. 

*Wuitmansa, Isaver, Ministry of Public Works of 
Cuba, Havana, Cuba 

*Wartney, Wit.1aM P., Missouri Portland Cement 
Co., Independence, Mo. 

*Wuitraker, J. D., Canadian Army, 64 Aylmer 
Avenue, Ottawa, Ont., Canada 

*Wicxs, 8. 8., U. S. Bureau of Reclamation, Den- 
ver, Colo. 

Wixpe, F. 8., Dart Manufacturing Company, 
1246 Champa Street, Denver, Colo. 

*Wietts, Ceci H., Concrete Research Division, 
Waterways Experiment Station, P. O. Box 27, 
Clinton, Miss. 

Wituiams, Crayton G., University of Colorado, 
(Student) Boulder, Colo. 

*WitiiaMms, Duncan R., Monolith Portland Mid- 
west Co., 706 South 14th Street, Laramie, Wyo. 

*Wituams, Harry A., Civil Engineering Depart- 
ment, Stanford University, Palo Alto, Calif. 

*Witiiams, JEAN, American Concrete Institute, 
717 New Center Bldg., Detroit, Mich. 

Witirams, Ricnarp B., W. G. Jamieson, Arch., 
$18-12th St., Denver, Colo. 

WitiraMms, Turovore T., Colorado A & M, 400 
Peterson (Student) Fort Collins, Colo. 

Wirirams, Van E., Colorado State Highway De- 
partment, P. O. Box 1616, Pueblo, Colo. 

Wius, T. F., Missouri State Highway Depart- 
ment, Jefferson City, Mo. 

Wiiuns, Tom, 326 West High, Jefferson City, 


°o. 

*Wiiis0N, C. A., American Iron & Steel Institute, 
350 Fifth Avenue, New York, N. Y. 

*Witison, Ricnarp J., U. 8S. Bureau of Reclama- 
tion, Box 502, Grand Lake, Colo. 

*Witts0oN, Rosext M., Southwestern Portland 
Cement Co., Victorville, Calif. 

*Wirsnack, G. C., Ideal Cement Co., Fort Collins, 
Colo. 

Witson, C. Stranvey, Autolene Lubricants Co., 
1331 W. Evans Street, Denver, Colo. 

Wirs0on, Donarp J., Autolene Lubricants Co., 
1331 W. Evans Street, Denver, Colo. 

*Wi1ts08N, Eruer B., American Concrete Institute, 
717 New Center Building, Detroit 2, Mich. 

~“weees. Les, Calresin Corporation, Culver City, 

Yalif. 
Wirs0N, Luxe, Autolene Lubricant Co., 1331 W. 
Evans, Denver, Colo. 

*Wirnry, M. O., College of Engineering, Univer- 
sity of Wisconsin, 1921 West Lawn Avenue, 
Madison 5, Wis. 

*Wirnry, Nouman H., Newport Industries, Inc., 
230 Park Avenue, New York, N. Y. 

*Wirr, J. C.. Marquette Cement Mfg. Co., 20 N. 
Wacker, Chicago, Ill. 

*Wrrrr, L. P., U. 8S. Bureau of Reclamation, Den- 
ver, Colo. 

Worr, WitiusaM H., Bureau of Reclamation, 6008 
East 20th Avenue, Denver, Colo. 
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*WoLtocnow, Davip, National Research Council, 
Ottawa, Canada 

Woop, Artuur G., Portland Cement Assn., 521 
Boston Bldg., Denver 2, Colo. 

*Woop, Dan W., 2441 West 24th Avenue, Denver, 
Colo. 
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SYNOPSES of recent ACI Papers and Reports 





open of this JOURNAL 
vat 19 are currently avai 
able. Unless otherwise noted sepa- 
rate prints are 35 cents each. 
Starred ¥ items are 50 cents, or more 
as indicated. Please order by title 
= aa title number. 


*BUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE (ACI 
BIBAT). wn crccccccccccccccccccccccce Shel 
Price 50 cents. 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 


Supersedes 43-15 


This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted 
reference in a general building code, and earlier editions 
of it have been widely used in this manner. 

Among the subjects covered are: quality of concrete 
allowable stresses; mixing, placing, curing and po 
weather protection of concrete, forms, cleaning, bending, 
placing, splicing and protection of reinforcement, con- 
struction joints, general design considerations, flexural 
computations, shear diagonal tension; bond and 
anchorage, flat slabs, columns and walls; and footings. 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
a OF A THIN CONCRETE 


CREO OHOe 


S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Presented 
herein is the temperature history of a thin concrete dam, 
based on results of more than Ye years of observation 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures, annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


%&CEMENT-AGGREGATE REAC.- 
TION IN CONCRETE .......-sceee+- 443 
Price 60 cents. 


DUNCAN McCONNELL, RICHARD C. MIELENZ 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
and minerals which are susceptible to attack by cement 
alkalies. 

The expansion and cracking of the concrete result from 
osmotic pressures develo in alkalic silica gels that are 
produced by partial dissolution of siliceous rock and 


mineral substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 
psi. 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANELS........ 
BERT A. HALL—Oct. 1947, pp 129-140(V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and condensation impelled 
Bureau of Reclamation studies of cause and cnet an its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant eneliies, Savings 
are effected by application of successive plaster coats at 
24-hour intervals, damp-curing of individual coats is elimi- 
nated, ‘ the final curing period is shortened by careful 
contro 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS ........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NoCl and 
CaCls brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The eects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
thatthere is in general an optimum gypsum content for each 
cement for minimum loss in weight, a diferent optimum for 
minimum Donering an and still a different optimum for mini- 

mum warpin e data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was stillhigher. Forthe other cementsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 

ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 

dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE...........+- 7 
R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp 
189.192 (V. 44) 

Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached to a 
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Special ACI Publications and Compilations 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315-Detailing Reinforced Concrete Structures, A. J. Boase 
Chairman. The book is a large format, bound to lie flat, and presents typical engineering and 
placing drawings with discussion calling attention to important considerations in designing 
practice. It was prepared to simplify, speed and effect standardization in detailing. Price $3.00; 
to ACI Members $1.75. 


ACI Standards (1946) 


180 pages, 6 x 9, reprinting in one book, ACI current standards as listed on p. 64 but includ- 
ing the 1941 “Code”. Price $2.00; to ACI Members $1.25. (Pending release of a new book 
of standards, this book plus the revised “‘Code"’ (ACI 318-47) in a separate cover are available 
at the price of the book alone) 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by H. 
F. Gonnerman, “Tests of Concretes Containing Ajir-Entraining Portland Cements or Air-Entraining 
Materials Added to Batch at Mixer’’; and 61 pages of the’contributions of 15 participants in a 
1944 ACI convention symposium, ‘“Concretes Containing Ajir-Entraining Agents", reprinted (in 
special covers) from the ACI JOURNAL for June 1944. Price $1.25; to ACI Members 75 cents. 


Air Entrainment in Concrete—Book 2 (1947) 


A 204-page compilation of information on air entrainment published after Book 1 (1944), 
including “Field Use of Cement Containing Vinsol Resin", and “Laboratory Studies of Concrete 
Containing Air-Entraining Admixtures" by C. E. Wuerpel; “Entrained Air in Concrete", a fore- 
word and 14 short papers presented at the 1946 convention; and discussion of the symposium, 
reprinted from ACI JOURNALS for Sept. 1945, Feb., June and Dec. Part 2, 1946. Price $2.25; 
to ACI Members $1.50. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611—Inspection of Concrete. 
It sets up what good practice requires of concrete inspectors and a background of information on 
the “why” of such good practice. Price $1.00; to AC! Members 75 cents. 


The Joint Committee Report (June 1940) 


The Report of Joint Committee on Standard Specifications for Concrete and Reinforced Con- 
crete, submitting “Recommended Practice and Standard Specifications for Concrete and Reinforced 
Concrete”, represents the ten-year work of the third Joint Committee, consisting of affiliated 
committees of the American Concrete Institute, American Institute of Architects, American Rail- 
way Engineering Association, American Society of Civil Engineers, American Society for Testing 
Materials, and Portland Cement Ass'n. Published June 15, 1940; 140 pages. Price $1.50; to 
ACI Members $1.00. 


Reinforced Concrete Design Handbook (December 1939) 


Report of ACI Committee 317. From the committee's foreword: “One of the important ob- 
jectives of the committee has been to prepare tables covering as large a range of unit stresses as 
may be met in general practice. A second and equally important aim has been to reduce the 
design of members under combined bending and axial load to the same —- form as is used in 
the solution of common flexural problems.” 132 pages. Price $2.00; to ACI Members $1.00. 


Concrete Primer (February 1928) 

Prepared for ACI by F. R. McMillan, it had five separate prints by the Institute alone (totalling 
nearly 70,000 copies). By special arrangement it has been translated and published abroad in 
many different languages. It is still going strong. In the foreword the author said: ‘This primer 
is an attempt to develop in simple terms the principles governing concrete mixtures and to show how 
a knowledge of these principles and of the properties of cement can be applied to the production 
of permanent structures in concrete." 46 pages; 25 cents (cheaper in quantity). 


For further information about ACI Membership and Publications address: 
AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


% CHEMICAL TEST FOR REACTIVITY 
OF CONCRETE AGGREGATES 
WITH CEMENT ALKALIES,; CHEMI- 
CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 
Price 60 cents. 

RICHARD C. MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-224 (V. 44) 
Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


d 


44-8 


jays. 

The test has Indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates ot different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR. 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 225-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized lene deflection equations. Method 
may be directly applied for pane: point loads, other load- 
ings are resolved to equivalent panel point loads. _Iilus- 
trated solutions are developed for a six-story bent and on 
unsymmetrically loaded Vierendee!l truss. 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS... .44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 


This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables included three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic low deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained, The importance of the plastic low prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
he large increases in deflections and strains that were 
obtained over a five-year period. 


%PRECASTING CONCRETE PIPE FOR 

THE SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 

D. K,. WOODIN—Dec. 1947, pp. 261-288 (Vol. 44) 
Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Stee! cylinder 
and cage type of reinforcement and a combination of the 
two are described. Cement composition and properties 
and mix proportions are tabulated, vibration methods 
handling and storage difficulties, preparation of forms and 
reinforcement, placing of concrete and curing conditions 


are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR. 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C, FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, }% in. in diameter, of three kinds, one plain 
and two deformed, were embedded in Haydite aggre- 
gate concrete. The load and slip at the pull-out ends 
were observed for bent and straight anchorages of each 
kind of bar. For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages. Differences 
inthe lug height and lug-bearing area of the two deformed 
bars affected the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 
PRACTICE FOR WINTER CON- 
CRETING METHODS............+++-44-13 


REPORT of COMMITTEE 604—Dec. 1947, pp. 309-328 
(V. 44) 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why"™ of some of the recommend practices. Charts 
in the appendix indicate effect of curing temperature on 
concrete strength, and a list of 135 selected references 
to periodical literature on winter concreting methods is 
included. 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan. 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appeared 
as an editorial in Engineering-News Record, February 1, 
1993, a few days after the Institute's 19th annual con- 
vention in Cincinnati that year. Coming to light recent. 
ly in an ACI office scrapbook, it inspired a re-appraisal of 
progress for ACI's 44th annual convention February 23-26, 
1948. Through the courtesy of Engineering-News Record 
it is republished as the point of departure for a full 
session at the 1948 convention in Denver 


ECONOMY IN STRUCTURAL 

a cccneneeoneed icshikihs data tf scethdaiaee 44-15 
1. E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 

High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for cutting cost, since expensive 
beam forms may be eliminated, story heights are decreased 
and pipe and conduit installations are simplified. Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 19-story 500-bed hospital. Five different 
designs (all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
least expensive, with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 
VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. .44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V, 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
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concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple re is described for detecting the 
presence in cinders of the impurities causing stains and 
some classes of pop-outs, and at least two practicable 

thods are pr ted for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA...44-17 
JOHN S. COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for coaneate materials in China. ta are pre- 
sented on ype, qval ity and availability of cement, rein- 
forcing steel and forms. Aggregate sources, handling 
methods and gradation are discussed. ta on concrete 
strengths, mixing and placing, labor problems and costs 
are given. Concreting, mortar, masonry work and design 
of the Lung Chi Ho ydro development are described. 
Design and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war. 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed. 
Illustrations depict many of the almost primitive methods 
which must be employed 


DESIGN OF RECTANGULAR TIED 
COLUMNS SUBJECT TO BENDING 
WITH STEEL IN ALL FACES.......44-18 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V. 44) 


One of the fastest accurate methods of designing rec- 
tangular tied columns, subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial load and proportioning the column to 
the requirements of the increased por Present 
tabular data confine this procedure to steel in the end 
faces only. A method is proposed in this paper which 
permits a rapid design for steel in all faces for any rec- 
tangular section. 


PREVENTION OF DAMPNESS IN 
BASEMENTS..........--+00+0000++ +4419 
CYRUS C. FISHBURN—Feb. 1948, pp. 421-436 (V. 44) 


The selection of appropriate measures for a dry basement 
depends upon a consideration of the external conditions 
at the site. Basements may be located in well-drained 
or in saturated soil and meteorological conditions may be 
conducive to condensation within them. 

The drainage of surface and sub-surtace water away from 
a basement is important where this is possible. Methods 
of constructing the walls and floors of new basements to 
prevent seepage and condensation are described. 
Simple tests for determining the causes of dampness in 
existing basements are given and remedial treatments 
against dampness in them are outlined. 


HIGHLIGHTS OF THE DEVELOP- 

MENT OF REINFORCED CONCRETE 
AND THE STUDY OF BOND.......44-20 
ARTHUR P. CLARK—Feb. 1948, pp. 437-440(V. 44) 


This paper is introduced by a brief history of the develop- 
ment poche and reinforced concrete since portland 
cement was first made about 125 years ago. The French 
are credited with the first use of reinforcement a little 
after the middle of the 19th century. Widespread use of 
reinforced concrete began in the United States about 
1900. It was first designed by a few specialists, especially 
in Europe, in accordance with special reinforcement 
“systems '. 

As the art of using reinforced concrete developed, the 
sufficiency of the resistance of the plain bar to slippage 
was questioned and attempts were made to deform bars. 
Laboratory tests of bond were made as early as 1894 oe 
were never extensive. Starting about 1943 the A. 1. S. 1 
organized a committee of reinforced concrete research 
with the object of increasing our knowledge on the 
effective and economical use of reinforcement. 





LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 1—HISTORY AND SCOPE 44-21 


F.R. McMILLAN and |. L. TYLER—Feb. 1948, pp. 441- 
456 (V. 44) 


A comprehensive investigation of portland cement in 
concrete is introduced by this brief paper outlining: (1) 
history of the study—advisory committee membership, 
development of the program, financing and scope of the 
investigation, (2) selection of cements; (3) tests of cements, 
(4) construction projects—test roads, exposure to sea 
water and sulfate soils, concrete in thin sections, ex- 
perimental farms and inspection of field projects, in 
which “~ behavior of cements will be studied over a 
gerted of years. 

he paper is the first of a series of as yet an undertermined 
number reporting the results of the long time study. 


* ANALYSIS OF NORMAL STRESSES 

IN REINFORCED CONCRETE 

SECTIONS UNDER SYMMETRICAL 
Ce 
MICHEL BAKHOUM—Feb. 1948, pp. 457-484 (V.44) 
Price 60 cents. 


This paper gives an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric 
forces, without the usual procedure of dividing the section 
into small strips. A simple solution is also given for the 
case of simple bending. Both solutions are further simpli- 
fied by the use of curves and tables, which apply to all 
arrangements of reinforcement and can be used for almost 
all practical cases. 

A procedure has been devised to apply the same methods 
to the case in which concrete in tension is taken into 
consideration even thougli the modulus of elasticity in 
tension differs trom that in compression. Some examples 
are given for both cases. 


CREEP OF STEEL AND CONCRETE 

IN RELATION TO PRESTRESSED 
CONCRETE. csccccvcccccccccccccccs cAbeRB 
GUSTAVE MAGNEL—Feb, 1948, pp. 485-500 (V..44) 


The author outlines methods and results of creep tests 
performed on three different samples of steel wire under 
constant load and constant length conditions. Preparation 
of concrete specimens prestressed by use of these same 
wires is described. Load tests on these specimens and 
non-prestressed concrete are compared and the differences 
in deformation are attributed to the combined creep of 
steel and concrete. Results of creep tests on steel alone 
are applied in order to ascertain creep of concrete alone 
Concrete shrinkage, steel strains and steel and concrete 
creep are considered in recommending an anticipated 
percentage loss of prestress for design purposes. 


REPAIRING CONCRETE 
HYDRAULIC STRUCTURES..........44-24 
CLAUDE GLIDDON—Mar. 1948, pp. 513-520 (V. 44) 


Seventeen years experience of the Gatineau Power Co. 
indicate that ordinary concrete, reinforced and unrein- 
forced, can be successfully used to repair hydraulic struc 
tures. Elimination of leakage prior to surface repair, 
good bond between new cubated concrete, and shrinkage 
of new concrete during setting to prevent cracking are 
important. A procedure for repair is outlined stressing 
the importance of experienced labor and supervision and 
briefly describing grouting, selection of materials, design 
strengths of concrete, preparation of surface, vibration 
forms, curing and joints. 


%*BOND AND ANCHORAGE......44-25 
T. D. MYLREA—Mar. 1948, pp. 521-552 (V. 44) 
Price 60 cents. 


Pull-out resistance of embedded bars and bond strength 
in simple beams are compared. A study of distribution of 
bond unit stress, and of safety against bond failure in 


beams of uniform depth indicates the bond formula is 
safe in most such beams with bars extending full length. 
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When all bars are full length, there is a definite relation 
between bar length and diameter, beyond which bond 
unit stress need not be computed. When steel tension 
is high, permissible bond unit stress is low. 

ar extension and hooks are evaluated according to 
efficiency as anchors under high bond stress. Suggestions 
are made as to length of bearing on supports and cut-off 
points. It is shown that in wedge-shaped beams, brackets, 
tapered footings and the like, bond formulas now in use 
may give deceptively low stresses. 


* LONG-TIME STUDY OF CEMENT 

PERFORMANCE IN CONCRETE, 

CHAPTER 2—MANUFACTURE OF 
THE TEST CEMENTS................4 


F. R. McMILLAN and W. C. HANSEN—Mar. 
pp. 553-604 (V. 44) 

Price 60 cents. 

This paper is the second chapter of a series of reports. 
It contains a brief description of the manufacturing process 
of the 27 cements selected for this study of concrete 
durability. The cements are listed by type and geo- 
graphical location of the plants; chemical analyses of the 
raw materials are given and tabulations presented showin 
the following operations: preparation of the kiln loath 
burning, cooling and storing of clinker; grinding and 
storing of the cements 

Data are given on kiln temperatures, uniformity of the 
clinker weights and cement temperatures. 


PRESIDENT'S ADDRESS.............44-27 
STANTON WALKER—Apr. 1948, pp. 605-612 (V. 44) 
Mr. Walker discusses the unique position of the Institute 
as a professional organization—its administrative set-up, 
its publication policies and achievements, its committee 
undertakings—presenting a qualitative evaluation of its 
accomplishments. 


EFFECT OF CARBON BLACK AND 
BLACK IRON OXIDE ON AIR 
CONTENT AND DURABILITY OF 
Te Pere 
THOMAS G. TAYLOR—Apr. 1948, op. 613-624 (V. 44) 
The practice of using air-entraining cement and air- 
entraining admixtures has made it necessary to re-examine 
many of the materials added to concrete to determine 
their effect on these types of concrete. This paper reports 
tests made to determine the effect of certain coloring 
agents on the air content and durability of concrete. 

The tests indicate that some materials when added to 
concrete reduce the capacity of the cement to entrain air 
and thereby reduce the resistance of the concrete to 
freezing and thawing. A recommended procedure for 
evaluating coloring agents for use in air-entraining 
concrete is given. 


AGGREGATE REACTION WITH 
CEMENT ALKALIES 
WILLARD H. PARSONS 
1948, pp. 625-632 (V. 44) 
Experiments reported tend to support and amplify Hansen's 
hypothesis on alkali-aggregate reaction. Test specimens 
composed of high-alkali cement and reactive aggregate 
(opal) were exposed to conditions promoting the reaction 
resulting in cracking and expansion. Petrographic 
examination at frequent intervals during the course of 
exposure indicated that the chemical reaction results in 
liquefaction, swelling and migration of the reaction 
products. The liquetied gel produced by the reaction 
fills pores existing in the specimen. After the pore is 
filled, a reaction at the pore wall occurs to form a dense, 
semi-permeable membrane through which osmosis takes 
place, resulting in expansion and cracking. 


*RESTORATION OF BARKER DAM 44-30 


4-26 
1948, 


ones 44-29 
and HERBERT INSLEY—Apr 


RAYMOND E. DAVIS, E. CLINTON JANSEN and W, 
T. NEELANDS—April 1948, pp. 633-668 (V. 44) 
Price 60 cents. 


There is described a unique method of stabilizing and 
restoring a 37-year old dam. A 19,500 cu yd blanket 


of concrete made by the Prepakt method was bonded to 
the upstream face and was contained behind a perma- 
nent form made of precast concrete slabs. The work of 
erecting the slabs and placing the coarse aggregate 
behind them was done in the dry during the cold winter 
months when severe weather conditions would have 
made impracticable the placement of conventional con- 
crete. hen the reservoir was nearly filled with cold 
water from melting snow in the mountains, and the dam 
was in the position of nearly maximum downstream de- 
flection, the aggregate mass was grovted under water 
as a continuous operation without cold joints over the 
full length and height of the dam. The average maximum 
temperature of the Prepakt concrete mass during the 
hardening period, which usually occurred about four 
days after grouting, was only 63 F. 


NORMAL STRESSES IN REIN- 

FORCED CONCRETE SECTIONS 

UNDER UNSYMMETRICAL 

ol  « ere 44-31 


MICHEL BAKHOUM—Apr. 1948, pp. 669-692 (V. 44) 


In this paper is treated the problem of unsymmetrical 
bending, whether pure or compound, in reinforced con- 
crete sections of any shape. Three general solutions 
(method of centers of action of steel and concrete, pro- 
duct of inertia method and method of successive trial) 
have been developed. [Each can be us separately 
for finding the exact position of the neutral axis and con- 
sequently the distribution of stresses. The three solutions 
are based on the assumptions of the standard theory and, 
of course, lead to the same results. However, under 
certain circumstances the use of one solution may be 
simpler than the other two. From the results of the 
numerous examples that have been solved recommendations 
are given for making the first assumption of the direction 
of the neutral axis in such a way that the number of trials 
is considerably reduced. 


% PROGRESS WITH CONCRETE— 
TORR SORE cc cccccccccsveesesedecocs 


A symposium with contributions by WALDO G 
BOWMAN, P. H. BATES, J. C. PEARSON, ROY W. 
CRUM, FRANK E. RICHART and RODERICK B. YOUNG 
-Apr. 1948, pp. 693-744 (V. 44) 

Price 60 cents. 


Five past presidents of the American Concrete Institute 
and an editor of engineering periodicals review and 
evaluate a quarter-century of progress in concrete theory, 
design and practice. Problems of 25 years ago are re- 
called, and the extent to which they have been solved 
discussed. Landmarks of progress are enumerated; today's 
problems (both new and old) are acknowledged. Diffi 
culties encountered in formulating standards and speci- 
fications are reviewed; progressive changes in cement 
specifications are listed. Suggestions are made for 
continuing research programs and improved research 
techniques. Inspection practices are criticized and 
corrections suggested, the importance of consistency 
control and air entrainment effect are stressed. The 
history of alkali reaction studies is outlined. Important 
steps in structural design and theory are pointed out in 
some detail; there is a similar emphasis on progress of 
durability studies, and special mention is made of develop- 
ments in highway construction. 


%* LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 3—CHEMICAL AND 
PHYSICAL TESTS OF THE CEMENTS 44-33 


WILLIAM LERCH and C. L. FORD—Apr. 1948, pp. 
745-796 (V. 44) 


Price 60 cents, 


The results of extensive physical and chemical tests of the 
27 cements used in the long-time study are reported in 
this chapter. ASTM methods of test were followed when 
available. Other test methods used are described or 
reference given to published description. 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
* 64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 


Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Specifications for Cast Stone (ACI 704-44) 
4 pages: 35 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents 70 ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 
4 pages: 35 cents per copy 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages, $3.00 copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) ‘ 
The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
35 cents per copy (Reprint from AC] JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
35 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 


Proposed Recommended Practice for Winter Concreting Methods 


Reported by Committee 604 for information and discussion only. 20 pages, 
35 cents per copy. (Reprint from ACI JOURNAL, Dec. 1947) 
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DISCUSSION 


Discussion closed 
Sept. Jl. ‘47 
Building Code Requirements for Reinforced Concrete (ACI 318-47) 
—Report of ACI Committee 318 
The Five-Year Temperature Record of a Thin Concrete Dam—S. D. Burks 


Oct, Jl. '47 
Cement-Aggregate Reaction in Concrete—Duncan McConnell, Richard C. Mielenz, 
William Y. Holland and Kenneth T. Greene 


Crack Control in Portland Cement Plaster Panels—Bert A. Hall 
Deterioration of Concrete in Brine Storage Tanks—Inge Lyse 


ag ed Gypsum Content and Other Factors on Shrinkage of Concrete Prisms—Gerald 
ickett 


Nov. Jl. '47 
Protection of Electric Strain Gages in Concrete—Robert H. Sherlock and Adil Belgin 


Chemical Test for the Reactivity of Aggregates with Cement Alkalies; Chemical Processes 
i" vse Aggregate Reaction—Richard C. Mielenz, Kenneth T. Greene and Elton 
. Benton 


Analysis of Two-Column Symmetrical Bents and Vierendeel Trusses Having Parallel and 
Equal Chords— John E. Goldberg 


Plastic Flow of Thin Reinforced Concrete Slabs—George W. Washa 


Dec, Jl. '47 
Precasting Concrete Pipe for the San Diego Aqueduct—D. K. Woodin 


Strength and Slip Under Load of Bent-Bar Anchorages and Straight Embedments in Haydite 
Concrete—C. C. Fishburn 


Proposed Recommended Practice for Winter Concreting Methods—Report of ACI Commit- 
tee 604 


Discussion closes May 1, 1948 


Jan. Jl. ‘48 
Economy in Structural Design—!. E. Morris 


Study of Causes and Prevention of Staining and Pop-Outs in Cinder Concrete—S. G. Seaton 
Concrete Making in China—John S. Cotton 


Design of Rectangular Tied Columns Subject to Bending with Steel in All Faces— 
D. R. Cervin 


Discussion closes June 1, 1948 


Feb. ji. '48 
Prevention of Dampness in Basements—Cyrus C. Fishburn 


ey of the Development of Reinforced Concrete and the Study of Bond—Arthur 
. Clar 


Long-Time Study of.Cement Performance in Concrete, Chapter 1—History and Scope— 
F.R. McMillan and |. L. Tyler 


Analysis of Normal Stresses in Reinforced Concrete Sections under Symmetrical Bending 
—Michel Bakhoum 


Creep of Steel and Concrete in Relation to Prestressed Concrete—Gustave Magnel 
Continued on p. 66 
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Discussion continued from p. 65 


Discussion closes July 1, 1948 
March Jl. '48 
Repairing Concrete Hydraulic Structures Claude Gliddon 


Bond and Anchorage—|. D. Mylrea 


Long-Time Study of Cement Performance in Concrete, Chapter 2—Manufacture of the 
Test Cements—F. R. McMillan and W. C. Hansen 


Discussion closes August 1, 1948 


President's Address— Stanton Walker 


Effect of Carbon Black and Black Iron Oxide on the Air Content and Durability of Con- 
crete-—Thomas G. Taylor 


Observations on Alkali-Aggregate Reaction Willard H. Parsons and Herbert Insley 
Restoration of Barker Dam—Raymond E. Davis, E. Clinton Jansen and W. T. Neelands 


Normal Stresses in Reinforced Concrete Sections Under Unsymmetrical Bending Miche! 
Bakhoum 


Progress With Concrete, 1923-1948—A symposium with contributions by Waldo G. Bow 
man, P. H, Bates, J. C. Pearson, Roy W. Crum, Frank E. Richart and Roderick B. Young 


April Jl. '48 


Long-Time Study of Cement Performance in Concrete, Chapter 3—Chemical and Physical 
Tests of the Cement 


William Lerch and C. L. Ford 
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Prefabricated Pumice Concrete Houses* 


By H. L. MATHEWSTt 


SYNOPSIS 


Lightweight precast slab construction was chosen for a 380-dwelling 
navy housing project in the Mojave Desert. Finished cost of these two- 
bedroom, single-family, single-story houses was $7,240, including air 
conditioning, gas heater, gas kitchen range, electric refrigerator, plumb- 
ing and electrical equipment. Pumice aggregate concrete weighing not 
more than 75 lb per cu ft, with 1500 psi 28-day strength, was specified. 

This paper gives sieve analysis of pumice aggregate, mix proportions 
and design, and thermal properties of pumice concrete. Assembly line 
production of the precast slabs is described, with details of handling, 
finishing and steam curing included. Time of each operation in the 
process is given. Assembling of the houses—setting, aligning and 
anchoring wall slabs, placing and joining roof slabs, installing utilities 
conduits and placing the concrete floor—is described. Experiences 
with surface treatment for floors, roofs and both interior and exterior 


walls are recounted. Future of prefabricated concrete houses, pumice 
concrete in particular, is discussed, 


INTRODUCTION 


When the Naval Ordnance Test Station at Inyokern, California, con- 
tinued the program of building housing for its employees it was found 
that the cost of stueco and plaster wall homes had increased to the extent 
that new materials or new methods would have to be used. High labor 
costs, particularly for lathers and plasterers, and the increasing scarcity 
of gypsum button board over which plaster is applied, indicated the 
advisability of departing from conventional construction. The use of 
prefabricated houses made of wood was considered, but because of in- 
flammability of the material and the painting factor involved, the idea 
was shelved in favor of fireproof, termite proof, low maintenance con- 
crete. It is also a fact that the dry desert atmosphere pulls nails out of 


*Presented at the ACI 44th annual convention, Denver, Colo., February 24, 1048. 
(Captain, (CEC) U. 8S. Navy, Naval Ordnance Teat Station, Inyokern, Calif 
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wood and causes a great deal of checking of structural timbers. The life 
of exposed wood structures built on the Mojave Desert is about 2 years, 
unless painted at frequent intervals. 

On June 25, 1947, bids were opened for construction of 110 dwellings 
each consisting of a living room, kitchen, two bedrooms, bathroom, and 
storage closet. Alternate types of construction, using the same floor 
plan, were specified as follows: 

1. Wood frame with plaster and stucco finish. 


2. Wood frame with asbestos-cement shingle exterior walls and ply- 
wood or sheet rock interior walls. 


3. Lightweight concrete buildings, either prefabricated or cast in place. 


The successful bidder for this job proposed to use LeTourneau equip- 
ment and to cast lightweight concrete houses at a central mixing plant. 
The houses, still in the outside framework, would then be hauled to the 
designated locations where they would be set on prepared foundations 
and the steel form-work lifted off of the completed house.* 


Specifications for 380 additional dwellings were subsequently drawn up 
prescribing an earthquake-resistant, fireproof, low-maintenance, per- 
manent, prefabricated, lightweight concrete house. The houses had 
essentially the same floor plan as before consisting of 785 sq ft, and were 
single story with a flat, overhanging roof. The design had to meet the 
requirements of the Uniform Building Code of 1946 except that minimum 
thickness of reinforced concrete load bearing walls could be 5 in., and 
non-bearing concrete partitions could be a minimum of 2 in. thick. Alter- 
nate bids were accepted based upon a conventionally built stucco and 
plaster house or a “‘dry-built’’ house of asbestos-cement shingle exterior 
and plywood or sheet rock interior walls. When. bids were opened the 
lowest priced house was a lightweight, precast, concrete slab building 
made by E. 8. McKittrick Co., Inc., of Huntington Park, California, 
similar to ““Normac’’t houses. 


PUMICE CONCRETE FOR HOUSES 
Specifications 
Lightweight concrete having a crushing strength of 1500 psi at 28 
days was specified for the building walls and roof slab of the housing 
built on the Naval Ordnance Test Station at Inyokern, California. Local 


*The equipment used on this house construction was fully described in the September 1947 issue of 
Western Construction News. The title of the article was ‘‘Machine-Made Concrete Houses on Desert Navy 
Base.” 


t'‘Normac” is a Southern California company ployer of th in precast concrete houses which had just com- 

ted 28 units at Trona, California, for the em ees of oe a Potash and Chemical Company. 

— homes built at Trona featured a flat, over nging | roof, small covered terrace, and an interior that 
simplicity in lines and harmony i in a his two-bedroom, single-family, single-story dwell- 


be having a floor area of 932 sq ft, cost approximately $7800.00 per unit. The method of construction, 
the use of lightweight, ee concrete panels and the finishes obtainable made these houses outstanding 
as dwellings on the desert. A three-page descriptive article on this modern housing was published in South- 
west. Builder and Contractor, February 28, 1947, issue. 
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TABLE 1—SIEVE ANALYSIS OF PUMICE AGGREGATE 


Fines Coarse 
Sieve Size ——- 
Percent passing, Percent passing, 

by weight by weight 
1 in. 98 
34 in. 98 
3% in. 100 25 
No.- 4 93 3 
No. 8 75 2 
No. 16 56 2 
No. 28 41 2 
No. 50 30 2 
No. 100 23 1 
No. 200 13 0 


pumice was used as obtained from large, uniform deposits found in the 
Coso Mountains, about 30 miles from the building site. Sieve analysis for 
both the fine and coarse pumice aggregates is given in Table 1. 


The specific gravity of the pumice was 1.12. Based upon previous 
experience it was required that the aggregate be kept wet for 48 hours 
before use or until such time as it had absorbed 35 percent of its weight 
in water. Weight per cu ft of concrete was specified as not more than 
75 |b. 

Mix design 

Pumice concrete mixes can be designed for 28-day crushing strengths 
ranging from 1000 to 4000 psi. Fig. 1 illustrates the age-strength re- 
lationship for several pumice concrete mixes, used at the Naval Ordnance 
Test Station. The modulus of elasticity ranges from 750,000 psi to 
1,000,000 psi in the same order and directly as the crushing strength. For 
design purposes using reinforcing steel, values of nm would vary from 40 
for 1,000 psi concrete to 30 for 4,000 psi concrete. 


The proportions of the various ingredients used in the mix, based 
upon saturated, surface dry weights, were as follows: 


Weight per cu yd 


Material of concrete 
Pumice, fines 868 pounds 
Pumice, coarse 670 pounds 
Portland cement 564 pounds 
Water 42 gallons 





Slump averaged approximately 3 in. Crushing 6 x 12-in. test cylinders 
of the above concrete showed 28-day strengths averaging 1600 psi. 
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AGE INDAYS AT TEST 


Fig. 1—Age-strength curves of typical pumice concrete mixes 


Modulus of elasticity, taken as a secant through 800 psi, was found to be 
984,000 psi. 


Thermal properties 

Because of extremes in desert temperatures and the necessity for 
air cooling in all buildings during 8 months of the year, the thermal 
characteristics of the roof and walls of the houses are of utmost import- 
ance. Operational expense in keeping a poorly insulated building cool in 
summer and warm in winter could be prohibitive and would continue 
unabated during the life of the building. Accordingly, it was specified 
that the conductivity or k factor for concrete should not be greater 
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than 1.95 BTU per sq ft per in. thickness per hour per degree. This is 
one-sixth that of hard rock concrete, four-tenths the conductivity of 
cinder concrete, and half that of Haydite concrete. Reference is made 
to Fig. 2 which gives the insulating values of various building materials. 
Similarly the thermal transmission coefficient or U factor for the 5-in. 
thick pumice concrete wall was specified as not greater than 0.30. Assum- 
ing a room temperature of 75 F, and outside temperature of 10 F, and 
a wind velocity of 15 mph, then the relative humidity inside the building 
would have to be greater than 65 percent for condensation to form on the 
unfurred walls. Normally, the relative humidity rarely exceeds 40 
percent so that the bare concrete walls of this prefabricated house are 
entirely suitable for climatic conditions on the desert. 


PRODUCTION OF SLABS 
Assembly line 


An assembly line technique was developed by the contractor for 
making the panels. Production line methods enabled him to turn out 
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44 precast concrete wall and roof slabs in an 8-hour day, enough for two, 
785-sq ft dwellings. A main production line 280 ft long was devoted to 
the manufacture of 5-in. wall slabs and 6-in. roof slabs. Two steam 
tunnels each 200 ft long were lined up parallel to the production line. 


Pumice aggregate, brought down from the.natural deposits 30 miles 
away, in 40-cu yd trucks was stored in bins according to size, alongside 
the production line. From the bins, the pumice was scooped up by 
a Scoopmobile and transported to and dumped into the hoppers of the 
batch plant. 


Batching plant 


The batch plant, consisting of hoppers for cement, fine pumice, and 
coarse pumice, had a trolley-suspended weighing bucket under the funnel 
ends of the hoppers. Here aggregate and cement were carefully weighed 
and pushed manually and dumped into a large elevator bucket. The 
elevator bucket was hoisted about 20 ft and dumped into a paddle type 
mixer having a capacity of 144 cu yd. Water added to the dry mix in the 
mixer was carefully measured for each batch. 


At first, the ordinary revolving drum type mixer was used but the 
resulting concrete finish on the slabs resembled popcorn instead of the 
sack finish desired. Changing to a rotating paddle type concrete mixer 
and using more cement than was originally specified gave the desired 
workability and finish. 


Casting slabs 


The heaviest slab made was 8 ft 5 in. high by 16 ft 6 in. long and 
weighed 6,480 Ib. The forms were mounted on small, four-wheel flat 
cars running on angle iron rails laid on a 10-ft gage. The apex of the 
angle pointed upwards and the grooved flat car wheels had no difficulty 
in staying on the rails. The bed of the flat car consisted at first of 
treated,- smooth, 1-in. plywood upon which 5-in. steel channels were 
bolted in place to form the edge of slabs. Later, it was found advisable 
to replace this plywood with steel plate because of the deteriorating 
effect of repeated exposures in the steam tunnels. The forms were 
sprayed with liquid soap to prevent any tendency of the concrete to 
adhere to the steel. Reinforcing steel mesh, cut to size, was placed in 
each form and quickly trimmed with a large hand shears in areas occupied 
by doors and windows. All concealed electrical conduits, switch boxes, 
piping, steel door frames and steel window sash were accurately placed 
in the forms. Also embedded in the slabs were nuts for attaching lifting 
eyes and leveling bolts. The flat cars were then pushed manually under 
a trolley-suspended belt conveyor that discharged concrete into the 
form. 
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Finishing and curing 

When the concrete had been placed in the slabs the flat cars were 
pushed along the rails to the vibrators and finishers. Some hand tamp- 
ing with a stick was found necessary to get concrete into the corners of 
the forms. All other vibrating and consolidation was done on the ex- 
terior of the forms. A railroad rail on which was mounted a vibrator 
was pulled across the top of the concrete slab scraping off excess material 
and, by means of the vibrator, compacting the green concrete. This rail 
was trolley-suspended and could be operated by two workmen. The 
use of hot water in the mix (about 150 degrees F) accelerated the initial 
set of the concrete. A float finish was applied after drier consisting of 
cement and sand was spread on the concrete. Steam curing the slabs 
inside long tunnels where the moist temperature was kept at 170 F, for 
6 hours, gave strengths within 12 hours that normally took 7 days to 
develop. Tested cylinders showed an ultimate crushing strength of 950 
psi after 24 hours. 


Handling and transportation 


When the slabs emerged from the steam tunnels they were rolled over 
to a tilting device that set both the flat car and the slab on end. Into the 








Official U. 8S. Navy Photograph 


Fig. 3—Central plant where pumice slabs are precast and steam cured. Flat car with slab on 
it is ti up to facilitate removal of panels to racks on flat bed trailers. Steel window and 
door frames are cast in wall panels. 
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Official U. 8S. Navy Photograph 


Fig. 4—In the foreground is a wall footing for a precast concrete building. Directly back 
is an erected house. To the left are houses in the process of erection. 


concrete-embedded nuts were screwed lifting eyebolts. A crane using a 
lifting beam equipped with two cables (Fig. 3) hooked onto the eyebolts 
and pulled the upended slab off of the tilted flat car and placed it in a 
rack on a flatbed trailer. The slabs were separated by rubber pads or 
old tires to preserve the finish and to prevent breakage. The first few 
roof slabs that were cushioned on old tires during transportation from 


Fig. 5—At the bottom of 
the panels, leveling bolts 
are screwed into the nuts 
embedded in the concrete 
before the wall is set on the 
footing. 





Official U. 8. Navy Photograph 
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the plant to the building site showed black rings on the contact area. 
To save finishing time the contractor first tried newspapers on the tires, 
but the warm moist slabs adhered to the newspapers to such an extent 
that some more convenient means of preventing staining had to be tried. 
The successful solution was to cover the rubber tires with burlap sacks 
that come off the slabs easily, leaving no marks. 
Time schedule 

A time table for the various operations concerned with manufacture 
of the slabs runs about as follows: 


Pouring concrete 12 minutes 
Vibrating 7 minutes 
Topping and finishing 17 minutes 
Curing in steam tunnel at 170 F 6 hours 

Stripping from forms 10 minutes 
Cleaning forms 15 minutes 


ERECTING AND FINISHING THE HOUSES 


Erecting the walls 
At the building site where concrete footings had previously been pre- 
pared (ig. 4), the buildings were erected to templates. Corners were 
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Official U. 8. Navy Photograph 


Fig. 6—At the building site the panels are removed from truck racks by screwing lifting eye- 
bolts into nuts pac me «ar in the concrete. Wall panels are being placed on footings 
previously prepared. Heaviest slab weighs 3 tons. 
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Fig. 7—Mastic is placed 
on the top of the wall to 
form a seal between roof 
and wall. 


Official U. S. Navy Photograph 


kept square, and proper elevation was secured on the walls by means of 
leveling (Fig. 5) screws cast into the bottom of the slab. These screws 
had bearing against metal plates anchored in the footing. During 
erection (Fig. 6) the walls were held in position by means of C-clamps 
and scab boards to adjacent wall slabs and by a few temporary wood 
braces or shores. At corner intersections right angle wood pieces were 
clamped to the top of the wall slabs to get correct alignment of all walls. 
Plumbing interior wall slabs was done by hanging an elongated wood 
square from the top edge of the wall. At butt joints the amount of space 
between wall slabs was closely controlled by means of leveling screws, 
alignment devices and by jacking where it was necessary. No battens 
were placed over the joints. Roof slabs were also placed by cranes after 
the joint between wall and roof had been generously smeared with 
rubberized mastic (Fig. 7). 


Installing roof slabs 

The roof slabs were shipped to the building site in a flat position rather 
than being racked in a vertical position like the wall slabs. A cable 
sling of four wires hooked onto exposed reinforcing bars in the roof slabs 
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and the piece was lifted from the flatbed trailer directly to the roof 
(Fig. 8). There was a minimum of handling and no changing of the 
position of the piece from the horizontal. Slabs spanned half the total 
width of the building, butting against each other over the center partition 
wall. Holes in the roof slabs facilitated screwing of connecting bolts 
through the roof into embedded nuts in the top of the wall slab. The 
roof slabs were joined to each other by welding (Fig. 9) of abutting 
metal plates embedded in each slab. In spite of the heat of welding, 
the pumice concrete showed no spalling. 
Floors and conduits 

Erection of wall and roof slabs and all necessary welding of connec- 
tions was done prior to laying the floor slab. The walls, supported only 
on the leveling screws, and tied to the roof slab on the top side, were 
anchored to the footings by welding the leveling screw to anchored metal 
plates cast in the footings (Fig. 10). Continuous support for the walls 
was later provided when pouring the floors by forcing the concrete 
under all walls. Plumbers and electricians laid their conduits in shallow 
trenches dug inside the building. Connecting conduits in the wall slabs 
had been previously cast in place. Prefabricated plumbing in the parti- 





Official U. S. Navy Photograph 


Fig. 8—Roof slabs are placed on top of wall panels and bolted the-eto by means of screw- 
ing 6-in. bolts in holes through the roof into embedded nuts in the tops of the wall panels. 
These are the same nuts into which lifting eyebolts had previously been screwed. 
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Official U. 8S. Navy Photograph 


Fig. 9 (right)h—Welding of embedded steel plates in roof slabs gives integrity and con- 
tinuity to the entire roof. In spite of intense heat of welding the pumice concrete did not 


spall or pop. 


Fig. 10 (left)}—Welding the leveling screws in the bottom of the wall panels to embedded 
steel plates in the footing. This is done after the roof has been placed and all settlement and 
adjustment of the walls has subsided. 


tion wall between the bathroom and kitchen was accurately located in a 
wood furring panel and set into place as a single wall unit. Fill within 
the walls of the building was placed in about a six inch layer and hand 
tamped (Fig. 11) into place. Around the walls and over the footings 
the dirt fill was omitted giving added thickness at these points when 
placing the concrete floor slab. After all services were in, the floor 


slab was placed and a trowel finish was applied in the ordinary manner. 


Floor surface treatment 

The original specifications called for integral colored concrete floors 
but because samples showed an extraordinary amount of dusting the 
contractor was allowed to acid stain the floors. Stain was applied with a 
paint brush in two coats after the floor surface had been cured, dried, 
and cleaned of dust. After applying the stain the surface residue was 
scraped off and a finish coat applied with a lamb’s wool applicator. Re- 
sulting color was brilliant and the surface appears hard and durable. 

Where concrete slab surfaces were unduly rough, discolored or broken, 
patching was done by troweling on a skin coat of “Floorstone.’”’ It is 
a proprietary product mixed with water and sand and troweled onto the 
slabs; 24 hours after it has been placed it can be walked on, painted, 
or covered with any kind of covering desired. 


Wall surface treatment 
Wall coverings for the few interior partitions built after concrete 
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Fig. 11—Affter walls and roofs 
are secured the pipes and con- 
duits are placed in shallow 
trenches in the floor and back- 
filled to grade for the 3)4-in.- 
thick floor slab. Thickness is 
greater underneath walls where 
concrete is forced between walls 
and footings to give continuous 
support to wall panels. 





Official U. S. Navy Photograph 


slabs were in place consisted of sheet rock nailed to 2 x 3-in. studs. It 
was a simple matter to nail the studs to pumice concrete partitions when- 
ever such a course was necessary. Cabinet work, shelving, doors and all 
joiner work was prefabricated in a shop and merely set in place and 
secured at the building site. 

A curious circumstance delayed field painting for some time and 
serves to illustrate the insulating properties of pumice concrete. Wall 
slabs were erected at times when they were still wet from the steam 
tunnels where they were cured. The roof was placed before the walls 
had finished sweating and sheet ice formed on parts of the wall. Temp- 
eratures in the desert during the night get down to 15 degrees F. During 
the day we get a temperature rise of 60 to 70 degrees by noontime. Ice 
on the outside of the walls melted off but because pumice is such a poor 
heat conductor the ice did not melt on the inside of the walls. Luckily, 
after several warm days around Christmas when temperatures of 85 F 
were recorded, the ice finally melted and painters could proceed with their 
work. 

Field painting consisted in part of spraying “Sprazon’”’ on the concrete 
and sheet rock walls and ceilings in all the rooms. Finish on interior of 
cupboards, shelving and the inside of drawers was one coat of orange 
shellac-varnish. ‘Transparent finish over stained surfaces on all interior 
wood finish such as cabinet work and doors consisted of one coat of white 
shellac and two coats of flat varnish. 
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The specified interior paint for concrete walls was two coats of cement- 
water paint, per federal specification TT-P-21, over a surface that had 
been neutralized by a brush coat of zine sulfate solution. The con- 
tractor applied a spray coat of ‘Cementico” over concrete surfaces 
neutralized as specified. These painted surfaces dusted badly and 
there was not a suitable covering over the caulked butt joints of the 
roof slabs. The caulking in the roof slabs contained oils that discolored 
badly when covered with “Cementico.”” By experiment it was found 
that concrete surfaces could be adequately covered with one spray coat 
of “Sprazon.”’ This emulsified water vehicle paint was a successful 
paint finish on gypsum board, metal ductwork and on the caulking ma- 
terial in the butt joints of concrete slabs. 


Paint was not applied to the exterior concrete walls and because 
of the pumice aggregate used the desert sun soon turned the walls to a 
white color. The white color reflected the sun’s rays and cut down 
transmission of heat through the building walls and roof. 


Roof surface treatment 


The contractor proposes to prime the concrete roof deck with a diluted 
application of Laykold Waterproofing, LP-15. A second coat of un- 
diluted waterproofing will then be applied and after it is dry, the black 
color will be changed to aluminum by spraying on a coat of aluminum 
paste dissolved in an asphalt base. The aluminum color was specified 
to reflect desert sunshine and to cut down transmission of heat through 
the 6-in. concrete roof. 


Production speed and cost 


By working two shifts at the slab plant the contractor was able to 
produce four concrete houses per day. Erection and finishing crews 
had no difficulty in keeping up with the pace set by the manufacture of 
slabs. The cost to the government for each one of these dwellings in- 
cluding air conditioning, gas heater, gas kitchen range, electric refrigera- 
tor and the usual plumbing and electrical fixtures was $7,240.00. This 
is about $9.22 per sq ft. 


FUTURE OF PREFABRICATED CONCRETE HOUSES 


Under present conditions prefabricated concrete houses appear to be 
economically feasible when constructed in sizable groups in locations 
where suitable aggregates are available. The units need not have the 
same architectural treatment throughout in order to effect economy. 
There is always the opportunity of making pleasantly livable quarters 
that have interesting and provocative architectural features varied to 
suit the builder’s desires. The architect can gain many startling effects 
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by paneling, texture and finish and still stay within the limits of mass 
production of a basic unit. 

Desert conditions appear ideal for building and utilizing pumice 
concrete houses.. The material has inherent thermal insulation qualities, 
freedom from condensation, high degree of sound absorption, and can be 
made earthquake resistant and thoroughly fireproof. A flat roof can be 
used that can be converted into a sun bathing deck at minimum expense. 
Numerous architectural embellishments can be made either to the ex- 
terior or interior to give each unit a “‘different’’ look. Where water is 
scarce and where wind velocities are frequently high, it is especially 
desirable to build a concrete house that is fireproof and stormproof. 

For wet localities, a prefabricated lightweight concrete house can be 
built that should prove entirely satisfactory if the roof is pitched to 
drain and provided the exterior concrete walls are waterproofed. This 
‘an be done with paints consisting of vinyl resins, pigments and solvents. 
A smooth trowel finish on the walls would be required in order to cor- 
rectly apply this paint economically. Three coats of paint applied in 
suitable colors would yield a waterproof job pleasing to the eye. 

Much still remains to be done, but progress is definitely being made in 
the precast concrete house field. With the lessons of the past war still 
vivid in our memories, we are always on the lookout for inexpensive 
materials that can withstand fire from flame throwers and from small 
calibre guns. Pumice concrete appears to answer several of these new 
requirements and the field of lightweight concrete houses presents a 
challenge and an opportunity to both architects and engineers. 

The writer is the officer in charge of construction for all construction 
work at the Naval Ordnance Test Station and outlying facilities of that 
station. Cognizance of this construction comes under the jurisdiction 
and control of the Bureau of Yards and Docks, and that bureau has 
more than a passing interest in precast concrete construction, attested 
to by the war-time construction of precast landing craft, storehouse at 
Mechanicsburg, Pa., and more recently precast concrete quarters now 
being constructed for navy personnel at Guam. The bureau has been 
foremost in the field relative to new design and ideas relating to con- 
crete construction methods. The present operation involving the two 
types of precast construction, subject of this paper, opens up vast fields 
for exploration and development. 
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Development of Tilt-Up Construction* 


By C. A. CLARKT 


Member Americ an Concrete Institute 


SYNOPSIS 


The idea of casting large wall sections horizontally on the floor and 
tilting them to a vertical position has been used for many years but only 
in the last several years has it received wide recognition. The tilt-up 
method offers architectural flexibility and variations in exterior surface 
treatment, panel lengths and heights, and window and door openings. 
It is equally adaptable to standardized or individually designed build- 
ings. Insulation and vapor seals can be attached to the inside of the 
wall (under side) before placing the concrete. Electrical and other con- 
duits and outlet boxes are installed before concrete is placed. The tilt-up 
method makes extensive use of power equipment and lends itself to many 
assembly-line economies. 


INTRODUCTION 

The tilt-up method of reinforced concrete wall construction as known 
today is the result of many years of research, development and field 
application. Its progress, especially since the war’s end, may make it 
one of the most important economic advancements in reinforced concrete 
construction in the past 20 years. 

Tilt-up construction progressed on a relatively small scale until 1946 
when real progress began to be made in its application. In that year more 
than 1,950 houses and 35 commercial and industrial buildings were 
completed or under construction. More tilt-up buildings were con- 
structed in 1946 than in any previous ten-year period. Latest 1947 esti- 
mates indicate continued increasing popularity and acceptance, especially 
in the commercial and industrial field. This may be attributed to the 
fact that the tilt-up method has proven itself well suited to economical 
production without the disadvantages of standardized architectural 


treatment. 


*Presented at the ACI 44th annual convention, Denver, Colo., Fe 4 1048 
tDiatrict Engineer, Portland Cement Association, Austit Lexa 
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In the tilt-up construction a large section of wall is cast in one piece 
horizontally on the floor and then tilted to a vertical position. The wall 
sections are tied together with cast-in-place columns (Fig. 1). Other 
parts of the structure are built in the usual manner. 

Thus far, tilt-up construction has been confined to buildings of one 
and two stories. Experience indicates tilt-up can be successfully applied 
to much higher structures. For example, an eight-story structure using 
this method is in the planning stage in South Carolina. 


ADVANTAGE OF TILT-UP CONSTRUCTION 
Reduced costs 


The Portland Cement Association has studied tilt-up methods in the 
laboratory and field in an effort to develop a type of construction offering 
possibilities for lowering costs by use of power equipment and by the 
reduction of labor and form work. Ninety percent or more of the form 
work can be eliminated since only edge forms are required. Finishing 
the horizontally placed wall is no more difficult than finishing a side- 
walk or a floor. Contractors claim savings up to 30 percent in labor 
cost over walls built with conventional forms. 

Tilt-up has the economy of factory-made buildings without factory 
overhead. It would be awkward and unfeasible to build such large 
and heavy concrete wall sections at a prefabrication plant and trans- 
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port them for any considerable distance to the site. So the production 
equipment has been moved to the site. 

On a job at Atlanta, Georgia, alternate bids were received on tilt-up 
and brick construction from six contractors. Brick was higher in each 
case, ranging from $540 to $2,635 more than tilt-up (for 3000 sq ft of 
wall). 

Architectural variations 

Tilt-up permits a wide range of architectural treatments with little or 
no increase in cost. A wall cast in the horizontal position can be given 
any of the many surface treatments possible with concrete. It is easy 
to place native stone or other facings in the fresh concrete of such a wall 
before tilting. Various color effects may be attained through the use 
of mineral pigments. The pointing-up often necessary when walls are 
‘ast in vertical forms is eliminated in the tilt-up wall. 


CONSTRUCTION PROCEDURE 
Foundation and floor preparation 
The procedure in tilt-up construction consists first of building con- 
crete footings, foundations and first floors in the conventional manner, 
whether basement or slab-on-ground construction is used. Basement 
walls of tilt-up houses have been built by the tilt-up method, utilizing 
the concrete basement floor as a casting table for the basement walls. 
The operation is again repeated on the next floor. 








Fig. 2—Screeding a tilt-up wall is much the same as screeding a floor or sidewalk. Here 
the edge forms and window bucks serve as screed guides. 
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Casting the wall slab 


After the placing of the forms for the four edges of the wall unit, work- 
men spread a layer of glazed building felt, heavy paper, light oil or 
other suitable material over the floor surface to prevent the fresh con- 
crete from bonding to the concrete floor. Door and window frames are 
set, and electrical and other conduits and outlet boxes are fastened in 
position. After the reinforcing steel for the wall and for the edge dowels 
are set, the concrete is placed, screeded level (Fig. 2), floated and fin- 
ished. Reinforcement should be supported on suitable chairs and be 
designed in accordance with the requirements of the ACI code for rein- 
forced concrete or as governed by the local code. 





Fig. 3—Tilting the walls of a commercial building at St. 
Cloud, Minn. Including fastening of the strong back, brac- 
ing the upright wall, etc., walls were put up in less than 30 
minutes per section. 
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As the finishing is done while the concrete is still plastic, any number 
of textures can be produced. In addition to ordinary wood or steel 
trowel finishes, an attractive stucco effect can be obtained by wood 
floating in a semi-circular motion. Carpet or sponge floats may also be 
used. Precast ornaments may be set in the concrete or ornamentation 
can be cast in the wall surface. Grooves formed with rectangular, 
semi-circular or V-shaped strips provide suitable ornamentation and 
can be produced at a relatively low cost when the strips are located 
near the top or bottom edge where they can be easily supported from the 
edge or rim forms. Architectural effects can be created by tooling lines 
in the concrete just before it hardens. If desired for architectural effect, 
field stone, flagstone or brick veneer can be embedded in the fresh 
concrete around door and window openings. 


Pipes and ducts located 

Supply pipes and heating ducts are located in interior partitions or in 
closets wherever possible. When plaster on the inside of exterior walls 
is furred out, many of the pipes and conduits can be placed in the furring 
space in the conventional manner. If furring is omitted, the conduits 
and supply pipes can be run in a space back of the baseboard, in chases or 
cast in the wall. Outlet boxes are likewise cast in the wall or set in, 
recesses provided in the concrete. 


Fig. 4—Walls for this building were made on central casting table, transported a short dis- 
tance to site by crane and set in position. 
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Fig. 5—An interesting variation of tilt-up procedure (Tyroler method) is shown here. Wall 
is cast on a pallet mounted on rockers which tilt two or three-story walls into position by 
force of gravity alone. 


Tilting the wall to vertical position 

Walls of one story height can be tilted into vertical position when the 
concrete has attained a compressive strength of about 1500 psi. Hence, 
the age of the wall at tilting will depend on the quality of the concrete 
and temperature during curing. Tilting operations have been conducted 
at an age of 24 hours or less by using high early strength concrete. 

The tilting operation itself varies with the type of tilting equipment 
used (Fig. 3, 4, 5). Mobile cranes, A-frame derricks and gin poles are 
three of the more common types. As the wall goes up, a bed of mortar of 
thick consistency is placed on the foundation and the wall unit is tilted 
onto it. The weight of the wall unit extrudes the excess mortar, which is 
then struck off and the joint tooled. The wall units are temporarily 
braced in this vertical position until the corners and columns are formed 
and concrete placed. When the concrete hardens, the edge dowels are 
firmly fixed and the four separate walls (or adjacent sections of long 
walls) are one rigid reinforced concrete structure. 


ADAPTABILITY OF TILT-UP 


Tilt-up is not considered as a replacement for cast-in-place or con- 
crete masonry construction, but rather another economical type having 
distinct advantages in many cases. It has been used in combination 
with both cast-in-place and masonry construction. Where an adjoining 
structure makes it difficult to use tilt-up, one wall can be of other con- 
struction and three walls built by tilt-up. On several commercial build- 
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ings the front wall, because of architectural design and large windows, 
has been done with cast-in-place concrete while the other walls were 
tilt-up. 

Contractors operating on a mass production basis use tilt-up to cut 
construction costs. Methods resembling a factory production line can be 
set up at the job site. Ready-mixed concrete trucks or traveling paving 
mixers move down the rows of building sites placing concrete in founda- 
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Fig. 6—Some of the architectural possibilities of tilt-up are illustrated in the fluted columns 
of this five room house built in 1938 in’Sioux City, la. Dentilwork at top of wall and trim 
over door were precast and embedded in the fresh concrete after the wall was cast. 
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Fig. 7—This 11,000 sq ft industrial building recently completed at Gladwater, Texas, was 
built with tilt-up construction. Basement walls are of cast-in-place concrete, floors are con- 
crete, and the roof is wood deck on pipe trusses. 
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Fig. 8—This house was built in Hammond, Ind., by the Tri-Ply Const. Co. more than 20 
ears ago by a modification of tilt-up construction. The uncut Lannon stone was em- 

vedded in the fresh concrete immediately after the wall was cast, much as a flagstone 

terrace is placed. The gable end wall (two and one-half story) was cast in one piece. 


tions, floor or wall forms. A small crew moves down the line setting the 
simple formwork and placing and finishing the concrete. Reinforcing 
steel mats, window bucks, insulation, precast wall trim and other items 
can be prepared in well organized job site shops. ‘Tilting of wall units 
into place begins as soon as enough units are ready to keep the erection 
crew continuously employed. : 

Tilt-up is applicable to single family houses and small commercial 
buildings just as it is to large scale building projects. The small con- 
tractor who does not own heavy equipment can usually rent a tilting 
rig for the short time it is needed. 

Many satisfactory buildings and homes built by this system indicate 
that tilt-up can provide structurally adequate, low maintenance, firesafe 
buildings (Fig. 6, 7, 8). Yet tilt-up is still in the formative stage; new 
ideas continue to be introduced, and in the hands of competent archi- 
tects, engineers and contractors, the various adaptations can contribute 
much toward filling the current demand for homes and commercial and 
industrial buildings. 
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Durability of Concrete Exposed to Sea Water and Alkali 
Soils—California Experience* 


Member American Concrete 


By THOMAS E. STANTON 


nétitute 


SYNOPSIS 


This discussion is a continuation of a discussion on the same subject 
published in the ACT Journat for March-April, 1938. Data not avail- 
able at that time which have since come to light contribute materially 
to our understanding of the causes of concrete deterioration when ex- 
posed to sea water and alkali soils and appropriate corrective or pro 
tective measures 

The principal new developments are: 

1. The discovery that one cause of excessive expansion and cracking of 
concrete is an adverse reaction between certain minerals in the aggre- 
gate and the alkali constituents of portland cement, thereby pro- 
viding an avenue for the ingress and deposit of aggressive alts in 
excessive amount The cure in this case is to use either a non- 
reactive aggregate or a low alkali or suitable portland-pozzolan 


cement 


2. Positive evidence that the resistance of concrete to sulfate attack 
is materially improved through the use of a suitable air-entraining 
agent Accelerated tests indicate the A.S.T.M.-approved air-en- 
training agents Vinsol resin and Darex are suitable and effective. 

PREREQUISITES FOR DURABILITY 
Impermeability 


Authorities are unanimous in the opinion that imperviousness is a 
prerequisite to resistance against the destructive forces of nature, in- 
cluding the salts in sea waters and alkali soils 

Some contend that the entire problem (assuming the use of sound in- 
gredients) is allied with porosity. Others, although upholding the theory 
of the superior virtues of impermeability, are equally convinced that the 


*Presented at the ACI 44th annual convention, Denver, Colorado, February 24, 1045 
Materials and Hesearch Engineer, California Division of Highways, Sacramento 
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most impervious concrete will be disintegrated in time if exposed to sea 
water. 

The writer agrees in the main with the first group but for reasons here- 
inafter recited favors certain protective or insurance measures against the 
possibility of failure through inferior workmanship or the use of unsuitable 
materials. Two of the most interesting discussions on the subject will 
be found in the publications of the American Society of Civil Engineers. * 
Although many differing viewpoints were expressed by the participants 
in these discussions, there was unanimous agreement that a prime req- 
uisite is impermeability, and that this desired condition can only be 
attained by proper mix design and construction procedure. 

There have been many other published contributions to the subject, 
particularly in the Proceedings of the American Concrete Institute. All 
stress impermeability. 

Numerous laboratory studies conducted by the California Division of 
Highways, the principal one being the study referred to in the opening 
paragraph of this paper, have confirmed this conclusion. Further con- 
firmation of an impressive nature will be reported by the Portland Cement 
Association committee on the long-time performance of cement in con- 
crete when the report is published on Project No. 7, Exposure to Alkali 
Soils. 

Sound ingredients 

It is axiomatic that the first prerequisite of a durable concrete is sound 
ingredients. In practice, however, while it is standard procedure to 
apply tests to insure the soundness of the cement, the necessity for 
soundness tests on the aggregates is not so well recognized or universally 
applied. 

In general, California concrete aggregates are sound in the ordinary 
definition of the term and there are few evidences of concrete failure 
due to deficiencies of this nature. 

However, there has been at least one case of serious failure which was 
attributed at the time primarily to sea water attack but which later 
information indicated rather conclusively could be at least partially 
attributed to unsound aggregates. 

The case in point was the disintegration of the concrete in the piles 
of the Ford Motor Co. plant at Long Beach, California which was re- 
ferred to by Harry E. Squire, assistant chief engineer, Board of State 
Harbor Commissioners, San Francisco in his discussion of Homer Hadley’s 


paper. 


*One is the international discussion provoked by the paper by William G. Atwood and A. A. Johnson or 
“The Disintegration of Cement in Sea Water’’ published with discussion in Transactions A.S.C.E. V. 67, p 
pl bere a second is the paper by Homer Hadley titled ‘‘Concrete in Sea Water; A Revised Viewpoint 
Needed”’ and attendant discussion, published in Transactiona A.S.C.E. V. 107, p. 345 (1942). 
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Quoting Squire: 


Analyses of disintegrated concrete taken from a recent and somwehat dis- 
concerting failure of good concrete in sea water (that of the concrete piles of the 
Ford Motor Company Plant at Long Beach, California) indicated not only the 
usual increase in magnesia content at the expense of the calcium, but in addition 
a marked increase in the alumina content. Search for the source of the alumina 
led to the discovery of variable percentages of soluble alumina and active silica 
in samples of fine aggregate taken directly from the gravel pit. Submitted to the 
state mineralogist, the samples were identified as mixtures of quartz particles 
with varying percentages of feldspar particles, the feldspar being partly kaoli- 
nized. The disintegration was confined to that part of the pile below the line of 
immersion and was spotted in a most irregular manner over the entire wharf 
structure. The conclusion was inescapable that it was due to chemical reac- 
tions caused by the sea water; the variation in the behavior of the piles could 
readily be attributed to variations in the percentage of deleterious feldspar in the 
aggregate. A marked characteristic of this disintegration was swelling in volume 
of the concrete affected. The formation of sulfo-aluminates (alums) with their 
great capacity for increase in volume by taking up water of crystallization has 
been suggested as the primary cause of this type of breakdown. No matter 
what the theory, whether due to replacement of calcium by magnesia, to the 
formation of sulfo-aluminates, or of complex silicates from the active silica of the 
sand, the fact remains that exactly the same phenomenon of disintegration was 
simulated in the laboratory by A. A. M. Russell, Associate M. A. 8. C. E., using 
the suspected sand mixed with local cement and immersion in San Francisco 
Bay water. The breakdown of the mortar was similar to what occurred in the 
Long Beach piles exposed to sea water. 


In the same discussion of Hadley’s paper and presumably referring 
to the same structure, J. W. B. Blackman, construction engineer, Long 
Beach, comments: 


The writer was asked to inspect a wharf built some few years ago in Long Beach 
(California) harbor. A large number of the concrete piles were in a serious stage 
of disintegration. The concrete in which disintegration showed was swollen and 
disrupted, and this condition appeared to be more acute on the upper side of the 
batter piles. Repairs to the structure cost about $250,000. In the opinion of 
some engineers the disintegration was due to feldspar in the small aggregates. 
In the opinion of others the damage was due to other causes. It is interesting 
to note that a large number of the piles adjacent to those disintegrated showed 
no apparent decomposition. Is it to be assumed that the cause of the disintegra- 
gration was due to faulty workmanship. For instance, some of the piles may 
have been compacted carelessly, there may have been too much water, and the 
porosity may have been much greater than that of the adjacent piles that were 
not injured. This raises a question that is difficult to answer. 


In commenting on the remarks of Squire and Blackman, Hadley in his 
closing discussion states: 


This is the case the writer referred to under the heading ‘Unsound Materials’. 
It is undoubtedly the one Captain Blackman refers to in his discussion. It ap- 
pears to be shown conclusively that the felspathic aggregate was the cause of the 
trouble. The concrete used in the piles deserves Mr. Squire’s characterization as 
‘good concrete’ in every respect, except that all unwittingly the unsound aggre- 
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gate was incorporated in it. Thereupon it ceased to be ‘good.’ As for Mr. 
Squire’s ‘chemical reactions caused by the sea water,’ the writer would gladly 
subscribe to them while directing attention to Mr. Russell’s demonstration, prev- 
iously cited, of the ‘chemical reactions caused by the sea water’ upon those 
aggregates all alone and without any cement present while the reactions were in 
progress. Since the aggregate alone is most unstable in the presence of sea water, 
it seems scarcely necessary to speculate upon the effects of the addition of cement. 
It is not uninteresting fact that while this trouble was occurring at Long Beach 
the Ford plants at Richmond, California (on San Francisco Bay), and at Seattle, 
Washington (in the strongly saline waters at the mouth of the Duwamish River), 
built at the same time as the Long Beach Plant, were—and still are—free from 
any trouble in their concrete piles. 





It would, therefore, appear that there is considerable evidence of at 
least one prominent failure of concrete exposed to sea water which can 
be in part rather definitely traced to lack of durability of at least a portion 
of the aggregate. 


A complete and accurate analysis of the cause of the Long Beach 
trouble is complicated by the fact that the aggregate was secured from a 
source now known to be contaminated with opaline chert of the nature 
which has caused so much trouble in California through a chemical re- 
action between the cement and aggregate. These opaline chert particles 
are not necessarily unsound in the presence of sulfates as evidenced by 








Fig. 1—Santa Barbara breakwater. 
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tests conducted by this department and reported in Transactions A.S.C.E. 
V. 107 (1942) p. 81, Table 4 on rock No. 28039, a highly reactive opaline 
chert which lost only 2.8 percent in the sulfate soundness test and only 
20 percent at 500 revolutions in the LA Rattler Test. It is understood 
that the aggregate in the Long Beach structure originated in the Palos 
Verdes hills area just north of Long Beach. Strongly reactive opaline 
chert aggregates have been found in this area, and there are in the 
vicinity numerous concrete structures in which similar aggregates were 
used. These structures have developed extensive cracking through 
what is now recognized as a cement-aggregate reaction, even though 
well inland and hence not subject to attack by the sulfates in sea water 
or from any other source. 

Therefore, while there appears to be indisputable evidence of un- 
sound aggregates in the Long Beach structure, there are no data to show 
just how much, if any, of the swelling and disintegration described by 
Squire and Blackman can be ascribed initially, if at all, to attacks by the 
sulfates in the sea water on unsound aggregates, and how much to an 
initial cracking through the expansive cement-aggregate reaction and 
subsequent disintegration through sea water attack on both the un- 
sound aggregates and the cement. 

This brings us to possibly the most important consideration next to 
impermeability, namely, the role of a reactive aggregate. 


REACTIVE AGGREGATE-CEMENT COMBINATIONS 


If an aggressive salt laden moisture can readily penetrate the in- 
terior of a concrete mass and the percentage of the salts is built up to 
large amounts through alternate wetting and drying, the concrete may 
disintegrate through the action of the sulfates on the vulnerable com- 
ponents of the cement and aggregates. That this actually does occur 
when cracks are opened up through a reaction between the cement and 
aggregate has been conclusively demonstrated along the sea coast in 
California, particularly in the case of the sea walls at Santa Barbara and 
in Ventura County (Fig. 1, 2, and 3). 

The extensive cracks which developed in these structures were caused 
by an expansive reaction between the reactive minerals in local aggregates 
and high alkali cements. Portions of the sea walls in both locations are 
in protected areas not subject to wave action, and other portions receive 
frequent daily wettings by sea water. 

The cracking due to the reactive action is of the same nature in the un- 
exposed as in the exposed portions of the sea walls. However, little 
disintegration typical of sulfate attack has taken place in the protected 
portions and comparatively little in the vertical or readily drained por- 
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Fig. 2—Showing condition of coping on two portions of the sea wall along the coast in 
Ventura County, California. Coping is badly cracked through cement-aggregate reaction. 
Left—Portion of coping protected from direct action of waves 

Right—Portion subject to frequent wetting by waves and concentration of salts in sea water 
through alternations of wetting and drying 


* te 
Fig. 3—Face of sea wall along the coast in Ventura County, California, is badly cracked 
through cement-aggregate reaction but little subsequent disintegration of concrete through 
sea water attack exists. 
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tions even though exposed to wave action. However, whenever the sea 
water overflows the horizontal or slightly inclined surfaces of the cop- 
ings and seats and remains long enough to penetrate and thoroughly sat- 
urate the underlying concrete, serious disintegration has taken place. 

It is pertinent to speculate how much, if any, of the lack of durability 
of concrete exposed to sea water reported by other observers may have 
been facilitated by cracks caused by an unsuspected cement-aggregate 
reaction. 


CEMENT COMPOSITION 


Based largely on work done by the technicians of the Portland Cement 





Fig. 4—Effect of density on durability of mortar specimens cured in 
sea water. Relative durability of variable density mixes using same 
high C;A cement (17.2 percent C;A). Top view after 34 months of 
storage, bottom after 48 months. 

Left, standard Ottawa sand 1:3; center, standard Ottawa sand 1:2; 
right, graded Russian River sand 1:3. 
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Association fellowship at the National Bureau of Standards, Washington, 
D.C., supplemented by prior and subsequent studies by independent 
investigators, it has been determined that resistance to sulfate attack 
can be improved by rigid control of the manufacture and composition 
of the cement and that the most vulnerable constituent of the cement is 
what is termed the tri-calcium aluminate component. 


Numerous tests conducted by the Materials and Research Depart- 
ment of the California Division of Highways substantiate this con- 
clusion. 


Types II and V of the A.S.T.M. cement standards are designed to 
meet these conditions, the C;A in Type II (moderate sulfate resistant) 
cement being limited to a maximum 8 percent and in Type V (sulfate 
resistant) cement to a maximum of 5 percent. Type LV has similar 
characteristics to Type V. 


Fig. 5—Effect of cement composition 
on durability of mortar specimens 
cured in sea water. Relative dur- 
ability of different cements using 
standard Ottawa sand 1:3 mix. 
High C,A cement, (17.2 percent 
C;A) at left and low C;A cement 
(7.2 percent) at right. Top specimens 
were stored 34 months in sea water; 
bottom view shows same specimens 
after 48 months storage. 
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There is ample evidence that concentration of sulfates such as en- 
countered in alkali soil areas and in sea water exposures through alternate 
wetting and evaporation may cause serious disintegration in a short 
period in the presence of cements containing substantially greater than 
8 percent C3A, say 10 percent and up, particularly where the concrete is 
permeable. In this connection the tests in normal sea water (reported 
in the Engineering News-Record article quoted by Hadley in the closing 
discussion of his A.S.C.E. paper) wherein a porous 1:3 mix mortar 
specimen of standard Ottawa sand and a 17.2 percent C;A cement was 
exposed to normal sea water and almost completely disintegrated in 4 
years, Whereas a companion specimen of the same cement and mix por- 
portions but using a well graded concrete sand was still intact (Fig. 4), 
afford a striking demonstration of the virtues of imperviousness. 

Based on this demonstration of the definite deterioration of a pervious, 
high C;A cement mortar in the presence of normal sea water, supple- 
mented by further demonstrations of the durability of the same Ottawa 
sand mortar in combination with low C;A cements (Fig. 4, 5, and 6), 
the author has always felt that any moderate added cost of a Type II 
cement is cheap insurance where exposure to sea water is anticipated. 


AIR ENTRAINMENT 


One of the new additions to our knowledge of the prerequisites of 
durability of concrete exposed to sulfate attack has been definite proof 
of the value of a suitable air-entraining agent in reducing the absorptive 
properties of concrete, thereby improving its resistance in the same 
manner as an increase in imperviousness by any other means, such as 
mix design. 

While the most convincing evidence of this fact will be found in the 
report on P. C. A. Project No. 7, the results of that study have been 
checked by some supplemental tests Jby the writer which included a 
comparatively high C;A (12 percent) and a moderate C;A (7 percent) 
cement concrete of 4.0 and 5.5 sack mixes with and without an air- 
entraining agent and exposed to an alkali soil over a period of years 
(Fig. 7). 

The high C,;A cement concrete on the 4.0 sack cement mix disin- 
tegrated very rapidly when stored in the alkali soil even with the air- 
entraining agent (Vinsol resin). The corresponding 5.5 sack high CyA 
cement mix likewise failed at an early date but the benefit of the AEA 
(air-entraining agent) was definite. 

Specimens of a Type IL cement of the same brand were definitely 
more resistant and the beneficial effect of the AEA was quite evident 
even in the 4.0 sack mix. The results of similar tests are shown in Fig 
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Without AEA 


4 sack, Type | 


4’sack, Type Il 


5.5 sack, Type | 


5.5 sack, Type Il 





4 sack, Type | 


4 sack, Type Il 





i 

; 5.5 sack, Type | 

r 5.5 sack, Type Il 

be Fig. 7—Concrete with and without an air entraining agent agent after 30 months exposure 
# to an alkali soil high in Na.SO,. The cements were a California Type | (12 percent 


C;A) and‘a Type I! (7 percent C,A) cement of the same brand. 
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Without AEA 


4 sack 








5.5 sack 





7.0 sack 





Fig. 8—Condition of Type Il cement (6.5 percent C,A) 
pe beam specimens after 5 years exposure to an alkali 
soi 
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4 sack 





Fig. 9—Condition of Type IV cement (3.5 percent C;A) con- 
crete beam specimens after 5 years exposure to an alkali soil. 


8 and 9. From these tests it would appear that in the case of low cement 
factor high C;A cement concretes exposed to high concentrations of 
sodium sulfate, the benefit of an AEA though marked, is insufficient to 
materially ‘d disintegration. With the richer mixes the benefit of 
the AEA is more apparent and with a Type II cement the durability 
of even a lean (4.0 sack) mix is materially improved. 

Tests conducted on the AEA concrete show considerably greater 
resistance to moisture absorption thereby accounting for the improve- 
ment in durability. 


PORTLAND-POZZOLAN CEMENTS 


_ At least one California brand of portland-pozzolan cement has shown 
considerable resistance to sulfate attack as well as to the cement-aggre- 
gate reaction regardless of the C;A or alkali content of the cement clinker. 

This is cement DL (Fig. 10). The standard Type I cement of this 
brand (DS) contained 14.2 percent C;A. This standard Type I cement 
has shown little resistance to sulfate attack in any tests conducted by 
this department. It is the brand, though with a lower C3A content (12 
percent), used in the tests illustrated by Fig. 1. 

When the clinker is modified by the subsequent addition of calcined 
Monterey shale this cement becomes highly resistant not oniy to sulfate 
attack* but likewise to excessive expansion through a cement-aggregate 


*Stanton, T. E. and Meder, L. C., ‘‘Resistance of Cements to Attack by Sea Water and py Alkali Soils,” 
ACI Journa., March-April 1938, Proc. V. 34, p. 433. 
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reaction even though the standard cement clinker contains 0.78 percent 
total alkali as Na,0.* 

Numerous tests subsequent to those described in the published re- 
ports referred to have all confirmed the original tests. There appears 
to be no doubt but that a suitable pozzolanic addition will materially 
improve the resistance of any standard cement to sulfate attack, and in 
addition, will effectively correct or dissipate any tendency to excessive 
expansion through a cement-aggregate reaction. 

If some of the adverse characteristics of most, if not all pozzolanic 
cements, such as excessive shrinkage, can be overcome or minimized 
there would appear to be a very definite place for cements of this type 
in construction subject to the adverse weathering conditions described 
herein. 


*Cement HP, Fig. 4. Stanton, T. E., Porter, O. J., Meder, L. C. and Nicol, Allen, ‘“‘California Ex- 
perience with the Expansion of Concrete Through Reaction Between Cement and Aggregate,” ACI JouRNAL 
Jan. 1942, Proc. V. 38, p. 209. 
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Fig. 10—Mortar durability tests, showing effect of magnesium and sodium sulfate solutions 
on portland-pozzolan type cement (DL) and companion standard portland cement (DS). 

| specimens cured 28 days in fresh water before exposure. Cement DS contains 14.2 
percent C;A. Cement DL is 70 percent DS and 30 percent pozzolanic addition. 
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FIFTY-FOUR YEARS EXPOSURE TO SEA WATER 


Reference was made by Hadley and Squire to the concrete in the 
piers of the Ferry Building which at that time were approaching 50 
years age (having been constructed in 1894-5) and to other concrete 
piers under the same structure constructed in 1912 and in which a high 
C;A cement (17.2 percent) was used. 


Frank G. White, chief engineer for the State Board of Harbor Com- 
missioners, recently had some cores cut from the old concrete to ascertain 
its condition after 50 years. The cores were cut during the latter part 
of 1947 and 2 x 4-in specimens were tested for compression. 


TABLE 1—COMPRESSION TESTS CORE SPECIMENS FROM 54-YEAR-OLD PIERS 
AT THE FERRY BUILDING, SAN FRANCISCO. 


Piers constructed in 1894-95. Cores cut in Oct. 1947, tested in December 1947. Specimens tested 
secured from approximate depths indicated. Cores were 2 in. in diameter. 


Hole | 1 2 3 4 5 6 7 8 9 0 1 


Pier | 23-A | 20-C | 16-C | 13-C | 13-A | 12-A | 8-C 6-A 3-A | 4-C | 12-A 





Depth*| Compressive strength, psi 2 x 4-in core specimens 
1 
2971 


3731 
2344 | 4095 | 3702 


| Don OO bo 


Mean higher high tide—6.00 


7 2974 
8 3589 1792 
9 5150 2731 
10 4563 2668 
11 2647 


Mean lower low tide—11.84 


12 | 2483 

13 | 2671 | 4939 

14 | 5254 

15 | 6043 

16 4494 
17 

18 

19 3104 3968 

20 1693 1650 

21 3699 


Percent absorption in 48 hours 
Specimens listed in order of compression tests shown above 


| 2.6 | 2.4 2.5 1.4 | 2.3 Ba 2.5 | 2.3 2.0 1.6 We 
2.5 3.0 1.2 1.9 2.3 1.5 1.0 
1.6 2.4 2.2 1.2 
2.1 1.6 


*Figures in left-hand column indicate depth below top of piers, in ft. 
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Fig. 11—Pier at north end of main Ferry Building, San Francisco Harbor constructed in 1894, 
Notwithstanding some honeycomb the concrete in this 54-year-old pier is in excellent con- 
dition as far as can be judged from a surface inspection and the sound under blows of a 
hammer. Picture taken at low tide January 6, 1948. The bottom shows close-up at near 
corner, where there is little if any concrete disintegration. 
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The results of the compression tests are illustrated in Table 1, arranged 
with relation to the core number and the depth below the top of the 
structure. The table likewise shows the corresponding absorptions. 





Fig. 12—Another 54-year-old pier at the north end of the Main Ferry Building, San Fran- 
cisco Harbor. Picture taken at low tide January 6, 1948. Bottom is a close-up view. 
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Fig. 13—Showing condition of 36-year-old precast reinforced pile jackets. Pier 17, San 
Francisco Harbor, January 6, 1948. Constructed in 1912. Picture was taken at low tide. 


Although 11 cores were cut and samples (where obtainable) were 
retained for the entire depth, compression tests were made only on typical 
specimens from which 2x 4-in. specimens could be cut. 

There were no definite evidences of unsound concrete, but consider- 
able evidence of honeycomb and considerable rather hard, white deposit 
which analyzed high in magnesium. A similar white deposit but no 
soft disintegrated mushy mortar was observed in the honeycomb areas 
and throughout the broken mass of all specimens, particularly of the 
lower strength specimens. 

On Tuesday, January 6, 1948 a surface inspection was made of the 
concrete in the 1894 and 1912 concrete piers (54 and 36 years old, re- 
spectively) but other than a possible washing out of some mortar in and 
immediately adjacent to the honeycomb areas, no evidence of disinte- 
gration was observed. (Fig. 11, 12, 13, and 14.) 

Analyses have been made of the bay water which was found to be of 
substantially the same salinity as the ocean water outside the bay. 

The cement in the 54-year-old structure is reported to have been 
Dyckerhoff cement from Germany. 

There was considerable controversy during the construction with 
regard to the quality of the aggregate and of the concrete with the result 
that the deans of engineering at the Universities of California and Stan- 
ford, Professors Frank Soule and Charles D. Marx, were employed to 
make an investigation and report. These engineers filed their report 
under date of April 10, 1895. 

Because of long time performance of the concrete in this structure 
and the fact that it may be the subject of future study, it has been 
deemed worthwhile to quote freely from some of the findings, as follows: 
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Fig. 14—Condition of 36-year-old concrete 
in piles, bulkhead and underside of floor of 
a portion of Pier 17, San Francisco Harbor, 
January 6, 1948. Concrete in excellent 
condition throughout except where affected 
by rusting of steel reinforcement which re- 
sulted from alternate wetting and drying 
due to splash of water against the concrete 
if bulkhead at the shore end of the pier. Pic- 
ture taken at low tide. Average tidal 
range is approximately 6 ft. 


ty Cement 


We pronounce it to be a fair grade of Portland cement’, suited to the work in 
I g i 


hand. 


Sand 
» The sand . . . is a clean finely pulverized material. It is not a sharp coarse beach 
sand or its equivalent as called for by the specifications. 


f Stone 


The rock which has been used is not ‘blue traprock of the best quality’ (as called 
for in the specifications) but is pronounced by Professors Branner of Stanford 
University and Lawson of the University of California, to be indurated sandstone, 
, containing some lime and a little iron, and to possess a considerable degree of 
hardness and durability . . . It breaks rather easily, along natural cleavage 
surfaces, into irregular fragments, one or two inches in greatest dimension, and 
then exhibits a bluish color; after which it is not readily broken into smaller 
pieces. 
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Tests of its resistance to crushing were made by us upon samples selected by 
ourselves from the ‘mixing table’ at the ferry; and the results obtained from these 
small sized specimens proved that the stone is of good quality in this respect and 
that it belongs to the class of ‘excellent sand stone, fit for building purposes.’ 
The use of this stone in other marine constructions as in the 8. F. seawall shows 
that the action of the sea water upon it is not destructive. 


While this rock is not ‘blue trap rock of the best quality’ we record our opinion 
that it is good enough to fairly comply with the spirit of the specifications in this 
regard and that it will give strength and resistance entirely comparable to those 
of the other components of the concrete. 

Concrete 

From what precedes it follows that, with the exception of the sand, the ma- 
terials used in this work are capable of being made into good concrete . . . The 
proportions (of the ingredients) as specified of 1 part cement, 114 sand, and 6 
stone, undoubtedly give a concrete richer in cement than is necessary to obtain 
good results. 

The poor quality of the sand in the mixture is offset in part by the fine particles 
in the broken stone, which acts as so much good sand; and in part by the excess of 
cement used. To that we must attribute the fact that the concrete as shown 
by the actual tests recorded below is as good as it is. 

Mixing and tamping the concrete 

The method of mixing, called for in the specifications, has been materially de- 
parted from, 

The specifications require that (the) materials must be thoroughly and com- 
pletely mixed .. . 

The mixing to be done as follows, viz; the broken rock must be first spread on a 
wooden platform in a layer not exceeding six (6) inches in thickness. On this 
must be spread over its entire area, first a layer of sand, and then a layer of cement, 
each in its proper proportion, the bed thus formed must be turned with shovels 
while dry, and once after being wet, or the same may be mixed by any machinery 
approved by the Chief Engineer. 

The method of mixing the concrete was changed . . . The process of mixing 
(was) by using the ‘Gray Mixer,’ Patent No. 477361. We feel certain that the 
substitution of this method was a mistake. 

The ingredients having been mixed dry, the heavier parts fall or roll down the 
chute first and the light powdered cement delayed a little by the atmospheric 
resistance and often blown aside by the wind, goes down more slowly and un- 
uniformly. 

The introduction of water to wet the mixture, by means of a hose in one side of 
the chute produces varying degrees of moisture; so that some parts of the layer 
will be flooded, while others at the same instant will be dry. In some portions of 
the layer, an excess of cement will be found; in others, an excess of broken stone; 
in some parts dry powder, in others liquid grout. 

Evidence of this condition of the concrete is derived both from an inspection 
of the exterior of the piers, where many small cavities exist, caused by lack of 
cementing material, the wash of sea water and the consequent falling out of 
broken stone; and also from a study of the interior of the pier which we cut into 
and of the blocks of concrete which we took from some of the arches and piers. 
There is a general lack of uniformity in the concrete ,due to imperfect mixing. 
Little pockets of sand alone and of broken stone alone may often be found. 
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From the above quoted description of the concrete construction 
procedure, it would not have been surprising if considerable disintegra- 
tion, at least of the exposed surfaces of the concrete piers had taken place 
during the 54 years which have elapsed. 


An inspection on January 6, 1948, by the author in company with the 
assistant chief engineer, Harry Squire, disclosed extensive honeycomb 
and absence of mortar to considerable depth in some of the honeycomb 
areas but negligible disintegration (as indicated by lack of appreciable 
softening) of the adjacent mortar. The portions of the piers in which no 
honeycomb exist are in excellent condition and ring well under a hammer 


blow. 


The 2-in. diameter holes cut from top to bottom through the same 
piers furnished ample evidence of a honeycomb condition throughout 
the mass of the pier but little, if any, evidence of disintegration, although 
the evidence in this respect is not positive as all disintegrated mortar, 
if there was any, may have been broken up and washed out during the 
coring operations. 


Inspection of small honeycombed core specimens, however, indicates 
little, if any, mortar softening, although as previously stated there is 
considerable white deposit which analyzes largely as magnesium. 


The deposit is usually hard but can be readily pulverized to a powder. 
Experience in this respect appears to follow the observations in the first 
report of the Institute of Civil Engineers (England) committee on the 
deterioration of structures in sea water, 1920, in which the following 
appears on p. 273: 

About thirty years since (1890) considerable discussion arose in the engineering 
world with respect to failures which had occurred in the use of ordinary concrete 
in harbor and dock works, and these failures created, at the time, a certain amount 
of distrust with respect to the durability of the material. After very careful 
consideration of the facts associated with the cases in question, and much dis- 
cussion with regard thereto, it appeared to be generally agreed that the failures 
referred to were largely, if not entirely due to defects in the concrete itself and 
that they owed their origin to the porosity of the concrete and the infiltration of 
sea water from the tideway, into and out of the same when the material was in a 
‘green’ or unset condition. 


A word with regard to this important subject may not be out of place here and 
it may, therefore, be remarked that in the case of concrete work, if the material is 
porous and sea water, especially in the tideway, soaks into and subsequently ex- 
udes from it, the magnesium salts in the sea water withdraw a portion of the lime 
of the cement in the form of calcium salts, and leave a deposit of magnesia in 
place. Generally speaking, the infiltration and exudation of sea water consequent 
on tidal action, causes the chloride of magnesia in the sea water to be decom- 
posed, the chlorine combining with the lime of cement, for which it possesses a 
greater affinity than for the magnesia leaving the magnesia free as a hydrate_in 
which form it is deposited in the concrete. 
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The fact that the honeycombed concrete in the San Francisco Ferry 
Building piers has withstood the action of sea water as well as it has led 
to an investigation of the source and composition of the cement. 

With regard to source or brand the records are not clear but it appears 
certain that Dyckerhoff cement from Germany was used. 

The cement was purchased by the Harbor Board from the J. D. 
Spreckles and Bros. Corp. of San Francisco, but the reports of the board 
do not disclose where the Spreckles company secured the cement. 

A chemical analysis of the cement was made by Thomas Price and 
Sons of San Francisco, which firm under date of April 2, 1895, reported 
the following analysis: 


Calcium oxide. 60.02 percent 
Magnesium oxide. . 1.06 
Aluminum oxide 11.31 
Silicon dioxide. . 20.83 
Iron oxide. ... 1.82 
Potassium oxide. . 0.73 
Sodium oxide... 0). 22 
Carbon dioxide and water. . 2.26 
Sulphur trioxide. . 1.37 
Loss and undetermined. i. 





Fig. 15—Condition of 45-year-old concrete cylinders under the north annex to the Ferry 
Building, San Francisco. Most, if not all, of the cylinders in this structure have consider- 
able honeycomb. However, the concrete as a whole is in fair condition except in a few 
cases where considerable disintegration has taken place as shown at right. This disin- 
tegration is similar to that observed in specimens exposed to sulfate solutions. The fact, 
however, that so much of the honeycomb concrete in this structure appears sound except for 
a slight depth below the surface indicates that the concrete in the portions of the cylinders 
showing considerable softness and disintegration is below the average through loss or lack 


of cement or an excess of water during construction. Pictures taken at low tide January 8, 
1948. 
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The potential compound composition was approximately as follows: 
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If the compound composition is correctly indicated by the customary 
method of determination, the effect of a high C;A on the resistance of the 
cement to sulfate attack apparently does not apply to this Dyckerhoff 
cement. Probably the chemical composition is incorrectly reported as it 
does not conform with known records of Dyckerhoff or other cement. 

Immediately adjacent and to the north of the original ferry building 
piers a number of cast in place concrete cylinders were constructed about 
1903. The work was poorly done and there is considerable honeycomb. 
The disintegration of some of the honeycomb concrete in this construc- 
tion has been quite extensive (Fig. 15). 

A search of the records does not disclose the brand of cement, but 
the assistant chief engineer reports that it was probably Dyckerhoff. 

The workmanship is reported to have been definitely inferior. While 
the report on the 1894-95 project indicates that, in the early part at 
least, the mixing and depositing procedure was poor, the specifications 
provided that the concrete should be placed and thoroughly tamped in 
layers. As a whole, therefore, it was probably comparatively dry and 
fairly dense with a comparatively high cement content. Criticism re- 
garding the construction procedure on the earlier constructed portion 
of the work resulted in abandoning the mixer and returning to the hand 
mix procedure with the result that the later constructed (southerly) 
piers are in much better condition as far as can be determined from an 
exterior inspection and the appearance of the 2-in. cores recently cut 
which showed few honeycombed areas as compared with the extensive 
honeycomb disclosed by the cores from the earlier work. 

The concrete in the later construction (1903) was poor. It is reported 
to have been poured quite wet, hence was undoubtedly less dense than 
that in the main piers. 

Frank G. White, chief engineer for the Harbor Commission, and his 
chief assistant Harry E. Squire report that there were a number of 
similar concrete cylinder projects constructed along the San Francisco 
Bay waterfront during the first decade of this century on which the 
workmanship appears to have been even worse than in the ferry annex 
and which failed completely and were replaced, some as early as ten years 
after construction; ample evidence of concrete disintegration in sea 
water when poorly constructed. 
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Mr. Squire has commented that in his opinion early disintegration 
(less than 25 years) may be attributed to two kinds of defective concrete: 
1. Mixes having a deficiency of cement, and 
2. Mixes placed in excessive water, (not merely wet mixes but con- 
crete drowned by leaky forms and by accumulation of water in 
tight forms.) 
PIER 17 


Fig. 13 and 14 show the condition of the concrete in different units of 
Pier 17, San Francisco harbor, constructed in 1912 and therefore ap- 
proximately 36 years old. 

Notwithstanding the fact that a high C;A (17.2 percent) California 
brand cement was used, similar to that found most vulnerable to sulfate 
attack in laboratory tests, all units of the structure, piles, bulkheads, 
floors and girders, are in excellent condition except for failures through 
rusting of the steel reinforcement in the slab and girders exposed to 
frequent wetting and drying of sea water from wave action at the shore 
bulkhead end of the structure (Fig. 14) and some of the outside exposures. 
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Fig. 17—Pier 17, San Francisco Harbor, under construction July 3, 1912. Concrete cyl- 
inder pier jackets are shown on barge. 


The workmanship throughout (as evidenced by complete absence 
of honeycomb in exposed faces) is far superior to the earlier work prev- 
iously described. 

Of further considerable interest is the fact that the piles in this pro- 
ject consist of 3 in. thick precast reinforced jackets with only approxi- 
mately 1 in. cover over the reinforcement (Fig. 16 and 17.) The in- 
spection on January 6, 1948 did not disclose deterioration through 
rusting of steel in any of the 1200 piles except in some cases adjacent to 
the junction of the tops of the pre-cast jackets with the cast in place 
superstructure. 

There was a change of administration shortly before this 1912 project 
was constructed. The new administration gave the construction en- 
gineers a free hand to enforce the specifications to the letter. The result 
is an excellent demonstration of the durability of a well constructed 
impervious concrete when exposed to sea water, even in the presence 
of a high C;A (17.2 percent) cement. 

RECENT SAN FRANCISCO HARBOR CONSTRUCTION 

Inspection was likewise made of other harbor concrete structures 
constructed within the last 15 or 20 years. They were found to be all 
well built and in excellent condition; evidence of the high competence of 
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chief engineer Frank G. White and his principal assistant Harry E. 
Squire, as well as of the present policy of administrative officials in 
supporting the application of sound engineering principles and construe- 
tion procedure, free of political interference. 


CONCLUSIONS 


From the constructions and the accelerated laboratory tests described 
in this paper the following conclusions are justified regarding procedure, 
including precautions in the selection of materials and in construction 
which are easily met, and which if followed cannot fail to produce a 
sound durable concrete, highly resistant to attack by even the most 
aggressive alkali soils. 

1. The cement and aggregate must, of course, be sound. 

2. Use a non-reactive cement-aggregate combination. 

3. The mix design should be that which will produce an impervious 
concrete. Where the concrete can be mixed and placed with a low 
water cement ratio (not greater than 2-in. to 3-in. slump) it is 
probable that six sacks of cement per cu yd will be sufficient. With 
higher water cement ratios a seven-sack cement concrete is prefer- 
able, particularly where exposure conditions are severe. 

4. The construction should be carried out in such a manner that no 
segregation occurs and there are no honeycomb areas. 

5. For further insurance use a Type Il cement or a Type IV or V 
under extreme exposure conditions such as direct contact with 
alkali soils containing high concentrations of sulfates, particularly 
sodium sulfate. 

6. As an aid to impermeability use a suitable air-entraining agent. 

The first four conclusions are the most important; at least insofar as 
sea water is concerned. 

The evidences of the long time service of concrete structyres exposed 
to sea water which have come to the writer’s attention are indisputable 
with regard to the durability of properly fabricated concrete using any 
of the five standard types of cement. 

However, although poor workmanship and poorly designed pervious 
concrete mixtures should not be tolerated, accidents will happen and 
therefore the added protection afforded through the use of a sulfate 
or moderate sulfate resistant (Type I1) cement and a suitable air-en- 
training agent is so obvious and so easily and economically obtainable 
that it would seem good practice to take advantage of their virtues. 

The precautions listed above should produce a sound durable concrete, 
resistant to the more aggressive action of high concentrations of the 
sulfates in alkali soils as well as to the relatively low sulfate contents of 


sea Water. 
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Jeing in full, complete and most harmonious agreement on what Mr. 
Stanton plainly states are the important matters for the production of 
sound, durable concrete in sea water, the writer would nevertheless 
question a number of points in his paper and in particular would question 
the value and efficacy of the insurance and protection that would be 
afforded to sea water structures by cements of low tricalcium aluminate 
percentage or special pozzolanic composition. 

The first question undoubtedly should concern the title which has 
been given the paper or rather should concern the propriety of com- 
bining in one paper discussions of what are actually two distinct sub- 
jects: exposures to “alkali soils’, z.e. highly alkaline soils; and to sea 
water. In the one case we deal with high alkali concentrations, in the 
other with low and dilute concentrations. The only comparable 
relationship between the alkali soil concentrations and sea water occurs 
where sea water is trapped and evaporates, as on the tops of sea walls 
to which Mr. Stanton refers. Elsewhere—which is practically everywhere 
in sea water concrete—the comparable relationship is absent. The 
reason for drawing attention to this point is lest what are needed pre- 
cautionary measures in the one case be regarded as necessary in the other. 
This paper is almost wholly concerned with the sea water subject and 
should be so titled. 


“sound 


The second question regards the short paragraph under 
ingredients’. The passage reads: 
However, there has been at least one case of serious failure which was attri- 
buted at the time primarily to sea water attack but which later information 
*ACI JouRNAL, May 1948, Proc. V. 44, p. 821. 
tErnatum: p. 834—Last line in second paragraph under the heading “‘portland-pozzolan cements” 


should refer to Fig. 7, not Fig. 1. 
tTConsulting Engineer, Seattle, Wash. 
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indicated rather conclusively could be at least partially attributed to unsound 
aggregates. 

’ The writer would inquire as to the guarded and cautious nature of this 
statement. Why the hesitancy to declare that the failure was 100 
percent due to unsound sand in these piles of the Long Beach Ford plant? 
Fig. A shows the appearance of a typical “bad” pile of this job. In 
the writer’s A. 8. C. E. paper “Concrete in Sea Water” from which Mr. 

Stanton quotes, the writer reported the tests of A. A. M. Russell on the 

sand used in these Ford plant piles. Mr. Russell, it should also have 

been stated, was chemist under Mr. White and Mr. Squire of the San 

Francisco Harbor Commission. From this paper the following is quoted: 

A. A. M. Russell, Assoc. M. Soc. C. E., has made some tests which brought 

. into definite and almost dramatic focus hitherto confused and obscure causes of 

trouble of the expansion-softening type. From a pit from which had come the 

sand used in a waterfront structure that developed very serious deterioration 

of this type in a few years’ time, he obtained sand samples, and for comparison 

he used sand from another pit, several hundred miles distant from the first pit, 

and of known soundness. Petrographic examination of the questioned sand 

revealed a heavy percentage (more than 40 percent) of feldspar grains which 
proved to be of a highly unstable nature. 


Fig. A—Typical deteriorated pile at Ford 
Motor Co. plant, Long Beach, California. 
Pile is coated with fuel oil but reveals 
mushy concrete at water level, vertical 
expansion crack, etc. (photo 1936) 
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As an accelerated test, equal samples of both sands were put in beakers of 
sea water, which were then placed on an electric plate and held continuously 
at a temperature slightly below boiling. In four days about half of the questioned 
sand had broken down and changed completely to a mud, whereas the other 
sand sample showed only a thin film of mud across its top surface. Then, as a 
direct sea water test, briquet specimens were made up of the questioned sand 
and of standard Ottawa sand. The latter, consisting entirely of particles passing 
No. 20 and retained on No. 30 sieves, suggested a similar grading for the other 
sand. Consequently, it was sieved into three gradings and three different mixes 
were prepared, In one mixture only particles passing the No. 10 and retained 
on No. 20 sieves were used; the second had only particles passing No. 20 and 
retained on No. 30 sieves—that is, the Ottawa sand grading; the third mixture 
had a grading with particles ranging uniformly from fine to coarse. After 
tension tests were made, the briquet fragments were placed in jars of sea water 
and were kept at room temperature, the sea water being renewed occasionally 
as evaporation took place. In less than a year the Ottawa sand specimens were 
wholly unaffected, having hard sharp edges and no trace of deterioration. The 
same was true of the specimens of the questioned sand that had the fine-to- 
coarse grading and were therefore of reasonably dense structure. The specimens 
made with the No. 10 to No. 20 mesh particles were beginning to soften slightly 
on their edges but were in fair shape. The No. 20 to No. 30 mesh samples, on 
the other hand, were in an advanced state of disintegration. They had swelled, 
cracked, were slimy on their surfaces, and their edges were soft and crumbly. 
These specimens, being directly comparable in every respect to the specimens 
made with Ottawa sand and with the same cement from the same sack (which 
Ottawa sand specimens were wholly unaffected) showed conclusively, in con- 
junction with the preceding accelerated test on the sand, that the unsoundness 
in this case was in the sand and not in the cement, 

Inasmuch as the deterioration produced closely resembled that in the structure 
built with this sand, it appears to be established, at least in this case, that the 
sea water attack was on the sand and not on the cement. It is scarcely con- 
ceivable that this trouble could have been avoided by special sulfate resistance 
or other special qualities in the cement. It is a fact that serious deterioration 
of this type appears to have developed in a section of the coast of rather marked 
geographical limits. It should be added that it is only in sea water that the 
writer knows of the occurrence of this form of deterioration, and indeed it may 
be that this feldspathic sand is particularly unstable in sea water, Its use for 


any concrete anywhere, however, appears to be questionable, 

It is most difficult for the writer to conceive of cement of any compo- 
sition--or of any percentage of tricalcium aluminate—that would 
insure against failure of concrete that was made with a sand which would 
by itself largely change to mud when exposed to sea water. Neither 
can he see any advantage in preventing expansion in such concrete 
piles for their exterior surfaces would still be exposed to the sea water 
and to mechanical abrasion. Perhaps prevention of expansive cracking 
would slow down the process by limiting the exposure to the outside 
surfaces only but the doom is still inevitable. Does Mr. Stanton have 


any evidence, or know of any, to show that failure with this aggregate 
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can be avoided by holding the tricalcium aluminate content to 8 percent 
or less? None is presented. 


Mr. Stanton gives a most valuable report on the Ferry Building at 
San Francisco, with illustrations that show to everyone the behavior 
of its concrete after 54 years of exposure to sea water. Not perfect, 
but not too bad, either. In discussing the writer’s A.S.C.E. paper, Mr. 
Squire wrote regarding it: 

This well-preserved structure, approaching its 50th anniversary and outliving 

its utility as a passenger terminal, is remarkable in that it violates some of the 
choicest taboos of sea-water concrete practice. For one thing, the immersed 
concrete was mixed approximately one to eight and can hardly be considered 
impermeable; for another, the Dyckerhoff cement used was of a reasonably 
high alumina content (approximately 11 percent) in contrast to the special 
cements of low alumina content advocated for sulfate resistance. 

Mr. Squire’s figure is that of aluminum oxide which Mr. Stanton 
quotes from an 1895 analysis of the cement to be 11.31 percent. Mr. 
Stanton gives the potential C;A figure as 27 percent end says that if 
this is correct “the effect of a high C;A on the resistance of cement to 
sulfate attack apparently does not apply to this Dyckerhoff cement. 
Probably the chemical composition is incorrectly reported as it does 
not conform with known records of Dyckerhoff or other cement’’. 
Whatever the exact percentage of tricalcium aluminate may be it appears 
to be well above the recommended maximum. 


But suppose this concrete had been protected and insured in 1895 
by the use of a cement of which the tricalcium aluminate percentage 
was 8 or less; would its appearance or character or quality have been 
different today from what it is? The writer doubts it exceedingly. Mr. 
Stanton presents the report of April 10, 1895 of Frank Soule and Charles 
D. Marx on the concrete of these Ferry Building foundations. Under 
“concretes” they say, “The proportions (of the ingredients are) 1 part 
cement, 114 sand and 6 stone. .’ Under “mixing and tamping 
concrete” they say: 

The process of mixing was by using the Gray Mixer Patent No. 477361. We 
feel certain that the substitution of this method was a mistake. 

The ingredients having been mixed dry, the heavier parts fall or roll down the 
chute first and the light powdered cement delayed a little by the atmospheric 
resistance and often blown aside by the wind, goes down more slowly and un- 
uniformly. 

The introduction of water to wet the mixture, by means of a hose in one side 
of the chute, produces varying degrees of moisture; so that some parts of the 
layer will be flooded, while others at the same instant will be dry. In some 
portions of the layer, an excess of cement will be found; in others, an excess of 
broken stone; in some parts dry powder, in others liquid grout. 

Evidence of this condition of the concrete is derived both from an inspection 
of the exterior of the piers, where many small cavities exist, caused by lack of 
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cementing material, the wash of sea water and the consequent falling out of 
broken stone; and also from a study of the interior of the pier which we cut into 
and of the blocks of concrete which we took from some of the arches and piers. 


There is a general lack of uniformity in the concrete, due to imperfect mixing. 

Little pockets of sand alone and of broken stone alone may often be found. 
What cement composition would protect and insure against such 
concrete manufacturing methods? 

Regarding the north annex to the Ferry Building, shown in Fig. 15 
and described in that illustration’s caption, there is the further short 
paragraph in Mr. Stanton’s text: 

The concrete in the later construction (1903) was poor. It is reported to have 
been poured quite wet, hence was undoubtedly less dense than in the main piers. 
What percentage of tricalcium aluminate protects and insures 

against “the possibility of failure through inferior workmanship” such 
as this? 

Or consider what Mr. Stanton reports to be Mr. Squire’s opinion: 
that early disintegration (less than 25 years) may be attributed to two 
kinds of defective concrete: 

1. Mixes having a deficiency of cement, and 

2. Mixes placed in excessive water (not merely wet mixes but con- 
crete drowned by leaky forms or by accumulation of water in tight forms. 

Again the question may be asked: what percentage of tricalcium alu- 
minate protects and insures against ‘“‘the possibility of failure through 
inferior workmanship” such as these, or, better, since these are mistakes 
scarcely to be blamed on workmen, what percentage of tricalcium 
aluminate protects and insures against mistakes or blunders such as 
these? 

Mr. Stanton’s Fig. 13 and 14 and his textual description of Pier 17, 
San Francisco, deserve the thoughtful attention of everyone interested 
in sea water concerte. Here is a structure now 36 years in sea water 
with its deck reinforcement exposed and badly rusted adjacent to the 
sea wall at its inshore end and at certain outer areas similarly exposed 
to spray wetting and drying but otherwise in practically perfect con- 
dition. And built of a California cement having 17.2 percent tricalcium 
aluminate! Note in Fig. 13 the sharp little fins and offsets at form lines. 
Where is the chemical attack of sea water to be found here? Would 8 
percent or less tricalcium aluminate improve on this behavior? The 
writer doubts it exceedingly. 

In the writer’s A.S.C.E. paper, his Fig. 2 is a view of Quay Wall D 
built in 1901 at the Puget Sound Navy Yard, Bremerton, Washington. 
It has “deep recesses and cavities’ in its concrete near water level in 
the view but above, in half or more of the tidal zone, it is sound, hard 
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Fig. B (top)—Expansion cracks in base of a Ventura County sea wall, built in 1926. 
me mechanical chipping of edges of cracks has occurred, but nothing more. (photo 1936) 


Fig. C (bottom)—A small groin of precast concrete blocks near Santa Barbara. Typical 
expansive aggregate cracks are to be found in other blocks not as badly deteriorated as 
these. (photo 1934) 
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and free from deterioration. The difference is due not to any change 
in the tricalcium aluminate percentage, not to more than 8 percent 
below the critical level, not to less than that above it. No, the difference 
is to be found in the method of deposition: in water and through a 
poorly operated tremie tube in the sorry area; in the dry and by wheel- 
barrows in the sound areas. Insurance and protection against inferior 
workmanship by cement composition in this wall would have been 
well, not great. 


And so it is again and again. The so-called “sea water attack on 
concrete” is in the vast majority of cases a physical, built-in deterio- 
ration that dates from the outset. It is not a chemical attack at all. 
The concrete is weak or porous or segregated and it is unable to with- 
stand mechanical attack or it is disrupted by frost. Soft and chalky 
seams or layers of laitance may exist in the structure, weakening it 
against normal loading. The concrete cover over reinforcement may 
be slight or may be porous, and extensive spalling and disruption may 
occur. This is almost invariably called “sea water attack on concrete” 
yet so far as the concrete itself is concerned nothing chemical has taken 
place.. The Ford plant pile failure at Long Beach is indeed a failure by 
chemical attack—on unsound sand. The amazingly cracked sea walls 
along the coast highway in Ventura County, California, built of the 
same materials, would have cracked quite as badly inland and with 
fresh water exposure as they have at the ocean side. There are several 
bridges in the Salinas Valley, whose piers testify the truth of this state- 
ment. Only with the concentrated brine areas shown in Mr. Stanton’s 
Fig. 2 is exception to this statement to be found. The truly extra- 
ordinary hardness of the sharp edges of the cracks in these old Ventura 
County sea walls (see Fig. B and C), their freedom from softening and 
breaking down, offer their own commentary on the chemical attack 
theory, a theory which this writer is inclined to believe is little more than 
a venerable and cherished myth which, gaining early credence due to 
its plausibility and to a misinterpretation of the cause of the extensive 
deterioration to be found along sea coasts, has come to have widespread 
acceptance and carries on simply because of its widespread acceptance. 
At any rate, the writer would ask where is the evidence of unmistakable 
chemical sea water attack of more than a superficial or trivial nature 
to be found in seacoast structures? The Santa Barbara breakwater 
shown in Mr. Stanton’s Fig. 1 and certain little groins a few miles away, 
(Fig. C) as the writer recalls them, not only cracked like the Ventura 
County sea walls but to a certain degree softened like the Ford plant 
piles. There was something highly unusual about them and in view 
of the Ford plant piles, they apparently involved the use of a similar 
sand in their concrete. With the exception of them the writer knows of no 
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Fig. D—A Ventura County sea wall. The top portion built in 1926 rests upon an older 
wall built in 1915. Despite the rocky beach and exposure to ocean storms, the old wall 
has not been attacked by the sulfates of magnesium. Why not? (photo 1934) 


concrete structures in sea water from San Diego to Vancouver, B. C. 
that yield possible evidence of a chemical attack of sea water upon the 
concrete. See Fig. D and E. 

Mr. Stanton’s own laboratory specimens constitute the most con- 
vincing evidence the writer knows of that under certain conditions a 
chemical action and attack can take place. Should anyone be planning 
the construction out of cement and Ottawa sand, of a reticulated, sieve- 
like structure of concrete for use in the tidal zone he unquestionably 
should be guided by the findings of Mr. Stanton’s experiments. If, on 
the other hand, he is planning to build the counterpart of Pier 17 on 
the San Francisco waterfront or a small or large bridge pier, the writer 
can see no reason or knows of no evidence to justify a limitation on the 
tricalcium aluminate of the cement. Why should the cement that 
produced Pier 17 be excluded by arbitrary specification from any water- 
front structure? Laboratory research is invaluable but when it pro- 
duces findings at marked variance with the behavior and performance 
of prototype structures then it is the writer’s opinion that the thing to 
hold fast to is the performance of the prototype in nature’s own labo- 
ratory. And particularly is this true when there is a vast amount of 
corroborative, prototype evidence. 

It is the inequity of restrictive cement specifications for sea water 
work that the writer objects to. He has no objection whatsoever to 
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Fig. E—Southwest corner of lighthouse base, outer end of 
San Pedro, California breakwater. Built 1910 with cement 
of 14.6°7, C:A content. (photo 1933) 


cement of low tricalcium aluminate percentage; in fact, and largely as 
a result of Mr. Stanton’s experimental work, he feels very well disposed 
toward it. For use in “alkali soils’ he would consider it a necessity, 
quite as he regards low-alkali cement as essential where expansive 
aggregates are involved, a field in which Mr. Stanton’s early investi- 
zations and discoveries have won highly deserved and widespread 
esteem and respect. But to exclude from sea water work other cements 
that have performed splendidly in sea water by specifying an 8 percent 
or less maximum C;A limitation appears wholly unjustifiable. It may 
be possible for a cement mill to readily change the composition of its 
cement or again, because of limitations of its raw material sources or 
to other causes, it may be extremely difficult or even impossible for it 
to do so. Certainly there should be a real necessity shown for restrictive 
specifications before they are imposed. The writer thinks that such 
necessity is far from proven in the case of a C;A limitation in portland 
cements for sea water structures. 
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Consider the analogous case of Bonneville Dam. There are a con- 
siderable number of portland cement dams of various ages and ex- 
posures in the Pacific Northwest some of which, built in the soup and 
slop days, are badly deteriorated while others are sound and free from 
deterioration. When the army engineers undertook the construction 
of Bonneville Dam a rather elaborate program of scientific research on 
cement was part of the general design ceremonial. The finding was 
that a portland-pozzolanic cement would give the very best performance 
in this dam under the peculiarly exacting, trying conditions—whatever 
they were—prevailing at its location in the gorge of the Columbia River 
above Portland, Oregon. The recommendations were adopted and 
specifications were so drawn. Washington and Oregon mills that had 
produced cement for most excellent dams either could not or thought 
they could not produce to this specification and were automatically 
excluded from bidding on the work. The dam was built of portland- 
pozzolan cement—which Mr. Stanton recommends for sea water 
“insurance’—and is a good, sound structure but has developed scale 
on certain roadway areas, has developed certain shrinkage cracks, has 
suffered from erosion on its submerged apron and baffle blocks and 
has yielded calcium carbonate on surfaces adjacent to cracks and leaks 
despite the oft-told tale of active silica combining with free lime to 
produce insoluble calcium silicate. After these several occurrences, any 
notable improvement in dam construction does not appear to be in 
evidence. Research that differentiates between tweedledee and tweedle- 
dum has passed beyond the limits of practical value. 

Returning from portland-pozzolan dams to sea water exposures, the 
writer would submit the concluding thought that low tricalcium alumi- 
nate cement for the chemical “insurance” of sea water structures is 
highly efficaceous—against a non-existent disease. The real insurance 
is to be found in making, out of sound materials, concrete that is itself 
sound and uniform, strong and impermeable. Practically 100 percent 
insurance is to be obtained by this means and by this means only. If 
such concrete has been obtained then additional “insurance” is un- 
necessary and if such concrete has not been obtained the additional 
“insurance” has little if any efficacy. Reality is to be found in reality 
and not anywhere else. 


By M. SPINDEL* 


The resistance of concrete to sea water and alkali soils is a problem 
which has been investigated and discussed for some decades. The 
various committees of experts concerned have agreed that, apart from 
other aids, it is first of all necessary to make a sound, impervious concrete 


*London, England. 

















DURABILITY OF CONCRETE EXPOSED TO SEA WATER AND ALKALI SOILS 848-11 


to prevent the aggressive moisture from penetrating into the interior 
of the concrete mass. The author, referring also to the results of his 
own investigations and tests, came to the same conclusion and gave 
some special useful information and advice which the writer would like 
to discuss. 

Regarding the soundness of cement, for which we have not yet any 
precise definition, it must be remembered that the methods of testing 
have been altered and improved many times during the period in question. 
It is to be hoped that sooner or later there may be developed and 
standardized a special method of testing the soundness of cements 
which have to be used for concrete to resist sea water and other 
aggressive waters and gases. 

As to the soundness of aggregates, which is usually understood as 
meaning their resistance to weather and frost, it might be of interest 
to realize that during the discussions of the weathering qualities of 
natural stones at the Congress of the I.A.T.M. in New York, 1912, the 
following statement was made: 

The feldspar particles of some types of natural stones, especially of the granite 
and basalt groups, which, when coming from the quarry looked sound on in- 
spection with the naked eye, often showed signs of deterioration in various 
degrees when tested under the microscope. Such natural stones had been 
found to deteriorate within a short time, z.e. after a few years, when exposed to 
weather and frost. 

In the writer’s opinion, it is therefore not at all surprising that aggre- 
gates containing particles of partly kaolinised feldspar disintegrated 
when exposed to sea water. As a rule we cannot expect the cement 
paste to protect sufficiently such or other unsound aggregates from 
further deterioration. 

The deterioration of concrete due to the chemical reaction of certain 
aggregates, such as opaline chert, with high alkali cements is, of course, 
a different matter. Both practice and science have to be very thankful 
for the knowledge and experience gained from the American experts 
who have been carrying out the investigations and tests in question for 
several years. 

As to the cement used in 1894 and 1895 for the piers of San Francisco 
harbor, the author’s statement that it appears certain that Dyckerhoff 
cement from Germany was used, might lead to the consideration whether 
or not at that time the so called rz cement, (a special cement to resist 
sea water) was used. This, after the discovery of ettringite by Candlot 
in 1890, was manufactured a few years later in Germany. It seems 
that it was not so. At any rate, in the writer’s opinion, the analysis 
made of this cement in April 1895 by Thomas Price and Sons is certainly 
a mistake, at least with regard to the percentages of aluminum oxide 
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and iron oxide and, therefore, also with regard to the 27 percent of C3A 
(tricalcium aluminate) based on it. No conclusions whatever regarding 
the role of tricalcium aluminate in this cement can be drawn unless 
an analysis of the hardened cement paste could be made. 

The excellent condition of the concrete in different units of Pier 17, 
San Francisco harbor, constructed in 1912 with a high C;A (17.2 percent) 
California brand cement, confirms in principle the writer’s experience 
that in practice concrete durability (resistance to weather and frost 
and aggressive waters and gases) depends much more on the right 
mix design, including admixtures, and good workmanship than on 
small differences in the chemical composition of the usually standard- 
ized portland cements. That does not of course mean that cements 
even of the same chemical composition behave in the same way regard- 
ing workability, strength and durability. For sea water concrete it is 
always an advantage to use cements with a low percentage of C;A, 
available even with ordinary portland cements between 8 and 10 percent 
C;A. 

The author recommends for further insurance to use one of the special 
cements Type II or Type IV or V under extreme exposure conditions, 
such as direct contact with high concentrations of sulfates. There will 
be’ only an advantage and there is no objection whatever to the use of 
Type II cement, the speed of hardening and strength of which are 
similar to those of the ordinary Type I cement. Type IV and Type V 
cements harden much more slowly and this might often be an obstacle 
to using them, apart from the fact that these two cement types are not 
always available from stock. Type IV cement was intended rather for 
large dams. 

The writer agrees with the author’s suggestion to use as an “aid to 
impermeability” a suitable air-entraining agent. The writer in his paper 
“Special Cements’”’, submitted to the Congress on Large Dams 1936, 
then pointed out that it was possible to improve or to alter certain 
properties of portland cement at the cost of other important properties 
by the manufacture of special cements, but that better results could 
be accomplished by suitable admixtures to cement and concrete. The 
author recommends a combination of both ways and in the writer’s 
opinion there is no objection to this, if it appears to be an advantage 
for the job in question. 


‘ 


By A. V. HUSSEY* 


Mr. Stanton advances abundant confirmation of the prerequisite 
imperviousness of concrete which is to withstand destructive forces of 
nature, but, at the same time, full consideration must be given to the 


*Chemical Engineer and Technical Manager, Lafarge Aluminous Cement Co., London, England. 
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soundness of the ingredients as set out in conclusions No. 1 and 3. Much 
has been written with regard to the use of non-reactive cement aggre- 
gate combinations, and although there has been little evidence of this 
reaction advanced in the United Kingdom, there are, in fact, certain 
types of aggregate which give rise to concrete failures which have not 
been immediately attributed to this cause, while the cement has con- 
formed to British Standard specifications. 

It is for the above reasons that the deterioration of concrete exposed 
to sea water is not always an accepted fact among civil engineers because, 
as has been made perfectly clear on the one hand, structures of some 
age may be readily pointed out which show no signs of deterioration 
whatsoever; on the other hand, in this paper and elsewhere, there is 
clear evidence of the reverse effect particularly where portland cement 
with a high C;A content has been utilized. In consequence, as a result 
of the work by the National Bureau of Standards, Washington, portland 
cement of Types II, IV and V, Lave been introduced and recommended 
in the fifth conclusion. 

Throughout this discussion, however, no reference has been made to 
high alumina cement which, per se, is resistant to sea water and alkali 
soils. Concrete made therewith and intended for such purposes must, 
at the same time, be so designed and placed as to insure impermeability 
and also made up with non-reactive aggregate. The failure of high 
alumina cement concrete exposed to sea water and made with aggregate 
containing gypsum is an example of this. 

Furthermore, the water-cement ratio has to be kept within normal 
prescribed limits for high alumina cement concrete intended for re- 
sistance, namely, 414 to 644 U.S. gallons per sack (94 Ib) and the con- 
crete should be adequately cured for the first 24 hours. 

Miller’s report on test specimens immersed in Medicine Lake, South 
Dakota, resulted in the conclusion that high alumina cement very 
nearly approached the ideal. On a large scale, concrete cribs constructed 
with Ciment Fondu for Pier ‘B’, Halifax, Novia Scotia, serve as practical 
evidence of its resistance to sea water after 18 years’ exposure. 

With regard to studies carried out on the reaction between portland 
cement, sea water and alkali soils, it always appears that insufficient 
attention is given to the possible initial reaction of aggressive carbon 
dioxide which, in certain types of sub-soil waters, occurs in considerable 
quantities, particularly where there is an ingress of saline waters to 
marsh lands. Ciment Fondu has the added advantage of its immunity 
to the action of carbon dioxide as well as humic acid. Furthermore, 
high alumina cement concrete is not dependent on a long period build-up 
of resistance which governs the use of portland-pozzolan cements, or 
the 10-day curing which is recommended for the alkali resistant cements. 
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One further point, and that is in regard to the bearing which honey- 
combing may have on the permanence of the structure. Clearly, this 
honeycombing may arise either from improper placement or a badly 
designed concrete mix but, in extreme cases, may not be such a severe 
defect as might at first be assumed because the indications are that 
“no fines’? concrete (that is to say, concrete made without cement 
mortar but coarse particles bonded together with neat cement) would 
be unaffected although displaying high permeability and permitting free 
movement of sulfate-containing waters. Honeycombing is dangerous 
when it gives access to lean mortars arising from bad proportioning or 
inadequate mixing or to the exposure of unsound aggregate. 


AUTHOR'S CLOSURE 


Mr. Hadley questions the propriety of combining in one paper dis- 
cussions of what he contends are two distinct subjects: exposures to 
highly alkaline soils and to sea water. 

To the author of this paper it seems perfectly appropriate to combine 
in one paper a discussion of potential concrete disintegration due to the 
same underlying cause, the only difference being one of degree, particu- 
larly when it was clearly pointed out that because of this difference in 
degree much less extensive protective measures are required in one 
case than the other. The main purpose was to point out the protective 
measures which should be taken, to a greater or less degree depending 
on the severity of the exposure. 

The author cannot concur with Mr. Hadley’s conclusion that there 
are no conditions of sea water exposure under which, if potential trouble 
exists, a good Type II cement is no better than an otherwise ‘“good”’ 
cement high in tricalcium aluminate. 

With regard to fixing the cause of the failure at the Ford plant, the 
author did not intend to imply that 100 percent of the cause could not 
be attributed to unsound aggregates. However, there is considerable 
first hand evidence that the concrete mix and the workmanship were 
very poor and there are individuals very close to the work during con- 
struction who contend that poor construction practices played a large, 
if not a major part, in accelerating the disintegration. 

It was for this reason that the author used the expression at least 
partially rather than attempting to place the entire blame on unsound 
aggregates of which he had no personal knowledge. 


At the same time it is conceded that Mr. Hadley may be correct in 
his contention that unsound aggregates were entirely at fault and he 
has added materially to the value of the discussion by describing the 
nature of the fine aggregate more fully than the author did. 
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With regard to the cement used in the 54 year old San Francisco 
Harbor Ferry Building piers, Mr. Hadley. is correct in his contention 
that the composition of the cement is incorrectly reported. This in- 
accuracy in analysis may have been due to the inexperience of chemists 
of a half century ago in analyzing portland cements. 


Since writing the paper some interesting new data regarding the 
possible source of the cement have come to the author’s attention. It 
will be recalled that there were no official records available which re- 
corded the source but that the best available information from “old 
timers’? was that it was Dyckerhoff cement. Subsequent to the publi- 
cation of the paper Charles J. Lindgren of San Francisco wrote that a 
Charles A. Gibson, who in 1895 was with the J. D. and A. B. Spreckles 
Co. which furnished the cement, had definitely informed him that an 
English cement was used, manufactured by the Gillingham Portland 
Cement Co. Mr. Gibson later wrote that it would be impossible to 
supply original records as all such records had undoubtedly been de- 
stroyed at the time of the 1906 conflagration. He stated, however, 
that J. D. Spreckles and Brothers Co. were importers of the cement 
which came from England in sailing ships from London and Liverpool. 


Subsequent correspondence with F. M. Lea, director of building re- 
search of the Department of Scientific and Industrial Research, England, 
disclosed that the Gillingham Portland Cement Co. was an independent 
company until it was taken over by the Associated Portland Cement 
Manufacturers, Ltd., 1900. 


There are no records of the composition of the old Gillingham company 
cement for the period 1894-95, but it is assumed that the cement made 
in those years would probably be very similar to that which the A.P.C.M. 
made at Gillingham in 1904-06. 


Analyses of the cement made at the Gillingham works 1904-06 are as 
follows: 


Chemical analysis May 21, 1904 | May 30, 1905 | July 1, 1906 
S702, percent. ... 22.38 22.70 22.48 
72) bpercent. 11.06 11.44 ee 

23 o>. at 
CaO, percent 58.23 59.55 58.49 
MgO, percent. . 0.98 
SOs, percent. 2.38 1.58 2.09 
Insoluble residue, percent. 2.12 2.14 1.32 
Loss on ignition, percent. 2.01 1.06 2.38 
Alkalies (diff.), percent 0.84 


Total. . 100.00 98 47 98 .42 
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It will be noted that the alumina-iron oxide combined is substantially 
the same as the alumina reported by the San Francisco chemists as 
being in the cement used. Any error in analysis would, therefore, 
appear to be in the separation of the Al,O; and Fe203. 

Based on the July 1906 analysis of the Gillingham cement the potential 
compound composition was: 


CS 65 percent 
CS None 

CsA 17 percent 
CAF 10 percent 


M. A. Swayze, director of research for the Lone Star Cement Corp., 
New York reports the following analysis of Dyckerhoff cement, which 
has been compared with the Gillingham and Thomas Price analyses: 


Chemical composition | Dyckerhoff | Gillingham (ave.) | Thomas Price 


Swayze July, 1906 S. F 
SiO2, percent....... 20.40 22.48 20.83 
Al,O;, percent... . 6.27 8.43 11.31 
FeO;, percent... . 2.99 3.23 1.82 
CaO, percent. 66.05 58.49 60.02 
MgO, percent. . 1.97 1.06 
SO;, percent... 0.22 2.09 1.37 
Loss, percent...... 0.79 2.38 0.38 
Insoluble, percent.. . 1.32 - 


While there is no direct correlation, it appears that the Thomas 
Price analysis checks the Gillingham more closely than the Dyckerhoff 
cement. 

The above is reported for the record to the end that the best obtainable 
data may be made available for use or reference in any future studies 
of the long time performance of concrete structures in sea water, particu- 
larly under climatic and other exposure conditions similar to those which 
exist in the bay of San Francisco. 


Mr. Hadley asks with regard to the 54 year old San Francisco Ferry 
pier concrete, “if this concrete had been protected and insured in 1895 
by the use of a cement of which the tricalcium aluminate percentage 
was 8 or less, would its appearance or character or quality have been 
different today from what it is?” 

This writer believes that it would, and bases his conclusion on the 
extensive test data which have been accumulated during the past 10 
or 15 years comparing the performance of high C;A (over 10 percent 
or 11 percent with cements containing 8 percent or less C;A. 

With m ~ard to the concrete in the north annex to the Ferry Building 
which was reported to have been poured quite wet, hence was un- 
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doubtedly less dense than in the main piers, Mr. Hadley asks “What 
percentage of tricalcium aluminate protects and insures against the 
possibility of failure through inferior workmanship such as this?” To 
the author of this paper the answer will be found in Fig. 5 comparing 
relatively lean mortar specimens using the same sand (Ottawa) but 
high (17.2 percent) and low (7.2 percent) C;A cements; also in Fig. 6 
which shows a clean cut division between the high (12.1 percent and 
greater) and the low (3.7 percent and 7.2 percent) C;A cements. In 
both cases the exposure was to normal concentration sea water. 

Numerous other laboratory tests with concrete instead of mortar 
mixtures have produced similar results. I might in turn ask Mr. Hadley 
if he knows of any similar concrete disintegration where a Type II 
cement was used. 


Mr. Hadley asks ‘Why should the cement that produced Pier 17 be 
excluded by arbitrary specifications from any waterfront structure?” 
and further comments that “Laboratory research is invaluable but 
when it produces findings at marked variance with the behavior and 
performance of prototype structures then it is the writer’s opinion that 
the thing to hold fast to is the performance of the prototype in nature’s 
own laboratory.’”’ Correct when concrete composition is identical in 
both cases but when the laboratory tests confirm or are confirmed by 
the prototype, what then? In the writer’s opinion the San Francisco Bay 
piers furnish perfect correlation. Pier 17 (Fig. 13) in which all evidence 
points to perfect workmanship and a dense impervious concrete, is in 
perfect condition after 36 years, whereas in the case of the piers under 
the North Annex to the Ferry Building, in which a wet, sloppy and 
probably lean mix and a high C;A cement was used, the concrete is 
reported to have started to disintegrate in a short period. ‘The per- 
formance of Pier 17 as well as other similar constructions and test 
specimens are the basis for the writer’s conclusions 1 to 4, whereas the 
Ferry Building Annex piers supplemented by laboratory tests are the 
justification for conclusions 5 and 6. 


Mr. Hadley credits me with recommending a portland pozzolan cement 
for sea water insurance. 

While I have on occasion pointed out the alkali resistant properties 
of certain “good” portland-pozzolan cements, I am unable to find any 
blanket “recommendations” by me for the use of this type cement for 
this or any other purpose. And yet there is ample evidence that a good 
portland-pozzolan cement has certain alkali resistant properties as well 
as corrective properties when used with a reactive aggregate to justify 
serious consideration to the early development of suitable standard 
specifications for this type cement and its use where conditions justify. 
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In concluding his comments on Mr. Hadley’s discussion the writer 

desires to again express his high esteem and respect for the competence 
and the opinions of Mr. Hadley even though he considers the evidence 
which has come to his attention sufficient to warrant the use of Type II 
cements when practicable in constructions subject to sea water exposure. 
At the same time he would have no hesitation in using higher C3A 
cements when Type II cements are not available except at a high pre- 
mium or at a great hardship on the producer or delay in construction. 
In such cases, however, the insurance would be in the form of a richer 
§ mix and the enforcement of rigid concrete design and construction 
| practices. 

Mr. Spindel has made an interesting contribution to the discussion. 

His comments regarding the possible source or brand of cement have 
been answered to the best of my ability at the present time. It is of 

interest tO observe that it now appears conclusive that an English 

rather than a German cement was used in the 54 year old San Francisco 

Ferry Building piers. 

At this time it is in order to call attention to the fact that the author’s 
paper was purposely confined to California experience as recited in the 


# title. Although originally requested to discuss the durability of con- 
, crete exposed to sea water and alkali soil from a general standpoint, 
q the author insisted on confining his discussion to California experience 


for the reason that he had no time or opportunity to thoroughly explore 

the subject from a world-wide standpoint and that in the absence of 
i such opportunity he felt competent to discuss only conditions with 
which he was personally familiar. These conditions do not include 
severe freezing and thawing, such as are encountered at tidal fluctuations 
ia some sections of the world. A suitable air-entraining agent, as well 
as a Type II cement, is indicated for general use under such conditions. 


Mr. Hussey discusses the use of high alumina cement of the “Ciment 











Fondu” type. Such evidence as has come to the author’s attention 

a4 confirms the sulfate resistance properties of this type cement. However, 
[2 two important factors have militated against its general use in California; 

one the care which must be exercised in its use, particularly with relation 

; to the high temperatures developed during the early hydration period 

; and second the cost. A more economical and practical solution locally 
r is to follow the procedure outlined by the author. 

4 ° e P ° 
1 Mr. Hussey likewise presents an interesting paragraph on the effect 

fi of honeycombing. Numerous cases have come to the attention of the 
H author which tend to confirm Mr. Hussey’s conclusion that under 
. hs certain conditions honeycombing may not be serious; an example being 

i the San Francisco Ferry Building piers, illustrated in Fig. 11. 

; 

b, 
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Thermal Insulation of Concrete Homes* 


By ARTHUR STONE? 


Member American Concrete Institute 


SYNOPSIS 


This paper describes the value of adequate thermal insulation for 
concrete homes. With the wide range in types of insulating materials 
now available, concrete homes can be just as comfortable winter or 
summer as the best type of wood frame construction, with the added 
advantage of fire resistance and low annual cost of the concrete construc- 
tion. 

When effective vapor barriers are provided along with the insulating 
material, condensation and dampness within the wall, floor or ceiling are 
avoided. The use of a vapor barrier will also help to conserve moisture 
within the home; this results in a somewhat higher relative humidity 
which will contribute materially to the physical comfort and health of 
the occupants in cold weather. 

Adequate insulation of the walls, floors, ceilings or roofs should be 
accompanied by corresponding attention to reduction of heat loss 
through use of storm windows and doors and by weatherstripping and 
calking. 

With increasing cost of fuel, heating equipment and redecoration, 
it is highly important to effect economies by the use of proper insulation. 


INTRODUCTION 


During the past 25 years the average American has become aware that 
insulation is an important feature of good house construction. From 
extensive advertisements in home magazines and newspapers, from home 
show exhibits and from other sources he has become familiar with the 
fact that a wide variety of insulating material is available for applica- 
tion to homes already built or to be incorporated into the construction of 
new homes. He has come to know that insulating materials in the wall, 
floor or roof reduce the flow of heat into a house in summer and out of 


*Presented at the ACI 44th annual convention, Denver, Colorado, Feb, 23, 1948 
tEngineer, Housing and Cement Products Bureau, Portland Cement Association, Chicago, Hlinois 
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a house in winter and thus make the home more comfortable and eco- 
nomical. 

On the whole, the average American may be said to be “insulation 
conscious.” But he does not always realize as well as he should that 
properly insulated concrete homes, whether of masonry units or cast-in- 
place construction, can be just as warm and dry in winter and cool in 
summer as houses of frame or brick veneer. It is the purpose of this 
paper to show how easily concrete houses can be insulated to meet any 
reasonable requirements as to heat loss, comfort and economy. 


TYPES OF INSULATION 


There are more than 150 brands of residential insulation manufactured 
in the United States today but they may be divided into only four types as 
follows: 

1. Rigid or insulating boards 

2. Semi-rigid or flexible insulation 

3. Fill type insulation 

4. Reflective insulation. 

Each type can be used effectively for insulating concrete houses. 

Rigid insulation 

Rigid insulation is manufactured in panels or boards of various sizes 

from wood, cane stalks, gypsum or asbestos. The chief advantage of 











Fig. 1—Wood furring strips being nailed directly to concrete masonry walls 
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rigid insulation boards as a building material is the fact that they may 
be used as combination insulating and structural members, such as 
sheathing, plaster base or interior finish for walls and ceilings. Recent 
years have witnessed the development of a vapor barrier on one side to 
control condensation within walls or ceilings. The boards may also be 
obtained with specially treated surfaces for acoustical properties where 
it is essential that the sound be deadened or absorbed. 
Semi-rigid or flexible insulation 

Semi-rigid or flexible insulations are commonly referred to as blankets 
or bats and possess very little structural strength. The distinction be- 
tween the blanket and bat types lies in their size. The blanket type of 
insulation comes in rolls up to 100 ft or longer whereas the insulating 
bat will vary in length from 8 to 48 in. The insulating material may be 
vegetable fiber (wood or cotton) or mineral wool (rock, slag or glass wool) 
and is usually covered on one or both sides with paper. One surface of 
the bat or blanket is made to serve as a vapor barrier. Blankets and 
bats are ordinarily fitted between joists, studs and furring strips. 
Fill type insulation 

The fill type of insulation may be made from any of the more common 
insulating materials which include the mineral wools, expanded mica, 
expanded blast furnace slag and granulated cork. These fill types are 
placed in wall, floor or ceiling cavities by either pouring or blowing. 
Reflective insulation 

Reflective insulation is usually composed of a bright aluminum foil or 
aluminum surfaced paper. This type increases the insulating value of 
an air space by reducing the transfer of heat by radiation. It must be 
used in conjunction with an air space of at least 34 in. if it is to be effective. 
Reflective insulation can also function as an effective vapor barrier if it is 
installed to obtain a tight seal at all joints. 


METHODS OF APPLICATION 


Methods for applying insulation to masonry walls will depend upon 
the type used. The flexible and the reflective types of insulation are 
placed between wood furring strips, while the rigid type is normally 
placed over furring strips. 

Whether the wall construction be solid concrete or concrete masonry, 
wood strips 1 x 2 in. or 2 x 2 in. must be installed before the insulation 
‘an be applied. For concrete masonry, these wood strips are nailed 
directly to the units or into the mortar joints (Fig. 1), while for solid 
concrete, provision must be made for inserting wood plugs or embedding 
wood strips or wire in the wall before the concrete is placed. After the 
forms are removed, the furring strips are attached by nailing them 
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Fig. 2—Method of attaching wood furring strips by means of wood plugs, em- 
bedded wood strips or wire loops 
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either to the wood plugs (Fig. 2a) or to the embedded beveled wood 

strips (Fig. 2b). The furring strips may also be securely anchored to 

the loose ends of embedded wire loops (Fig. 2c). The blankets, bats or 

metallic foil are placed between these furring strips and nailed, tacked or 

stapled to them (Fig. 3). Insulating boards are nailed over the wood 

furring strips as shown in Fig. 4a. Insulation may also be in the form of 
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Fig. 3—Application of flexible insulation to concrete masonry walls 
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Fig. 4—Some methods of improving thermal properties of concrete walls 


plaster applied directly to the wall (Fig. 4b) or an air space may be added 
by furring out the metal lath and plaster (Fig. 4e). 

The application of fill insulation is particularly easy in concrete 
masonry construction because the core spaces of the units are filled with 
granular insulation as soon as they are laid in the wall (Fig. 5). Placing 
fill insulation in the air space of any hollow wall construction will sub- 
stantially increase the insulating value, provided some form of vapor 
barrier is used to prevent condensation from forming in the cavities. 
Loose fill insulation is particularly effective between ceiling joists where 
it can be easily placed by hand or blown in. 


Fig. f5—Filling cores of 
hollow concrete masonry 
units with granular insula- 
tion 
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NATURE OF HEAT LOSS AND REMEDIAL MEASURES 


In winter, heat escapes to the outside by transmission through walls, 
floors, roof and glass areas. Such transmission losses are caused by the 
flow of heat from the warm to the cold side of the exposed construction. 
In addition, heat is lost when warm air escapes and cold air enters by 
infiltration around windows and door frames and through open joints. 
Each source of heat loss should be minimized to a reasonable degree to 
achieve economy and to attain more healthful and comfortable living 
conditions. 

The heat flow through walls and roof is reduced by insulation. The 
transfer of heat through the glass and frames of windows and doors is 
reduced by installing storm windows and doors. Infiltration losses 
through cracks around windows and doors can be minimized by calking | 
and the use of weatherstripping. | 

It should be understood that nearly as much heat is saved by insulating 
t the walls and ceilings of a typical house as by the use of storm windows 
and doors, calking and weatherstripping. Although all these sources of 
heat loss should be minimized, this paper is concerned chiefly with the 
insulation of the wall and ceiling structure of a concrete house. 


CONCEPT OF HEAT TRANSFER AND MEASUREMENTS 


Before discussing how the thermal properties of different wall assem- 
blies are determined and compared, it may be helpful to review how 
heat is transmitted and what units are used in expressing heat trans- 
mission. 

For any hollow wall or ceiling assembly it is convenient to consider 
that heat is transmitted in three ways: 

1. By conduction between adjacent particles that are in contact 

2. By radiation from the hot to the cold surface across the air spaces 

3. By convection through the medium of small air currents set up 
within the air space which carry heat from the hot to the cold 





b surface. 

ti In the simple case of a concrete masonry unit which has core spaces 
at and has webs extending from face to face, heat is transferred by conduc- 

pi tion through the webs and by radiation and convection across the core 
i} spaces. The size, shape and percentage of air or core spaces have a direct 

r effect on the heat transmission, and the conductance coefficient indicating 
at the rate of heat flow must be determined experimentally. 

5 Certain units are commonly used in expressing heat transmission. The 
; measure of the quantity of heat is the British thermal unit (BTU). When 

if used in expressing the overall coefficient of heat transmission of a wall, 

He 
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it is always accompanied by a definite time factor (1 hr), a unit of area (1 
sq ft), and the temperature difference (1 F between the air on the warm 
and cool sides of the wall construction). Thus the coefficient of heat 
transmission is based on the number of BTU’s lost per hour per sq ft per 
deg difference in temperature between the inside and otitside air (BTU 
per hr, per sq ft, per deg F). 

To determine the total insulating value of a material or combination 
of materials from air to air, the heat resistance of the more or less stag- 
nant thin film of air at the surface of all walls, floors or roofs is important 
because it acts as an insulator. From this it follows that the temperature 
of the air and the temperature of the surface will always be different 
due to the resistance of this air film. The insulating value of this film 
will be greater in still air than when the air is moving because of wind or 
forced ventilation. 

Dead air spaces in themselves are insulators against heat; in fact, it is 
the minute air spaces in most of the various insulating materials (ex- 
clusive of the reflective type) that account for the major part of their 
insulating value. Thus air spaces within walls are insulators although 
their effectiveness depends to some extent on the composition of the 
material enclosing them. 

As would be expected, the resistance of a homogeneous material to 
heat transfer is directly proportional to its thickness. With the same 
temperature difference, half as much heat is lost from surface to surface 
through a 2-in. thickness as through a 1-in. thickness of a given material. 


HEAT TRANSFER SYMBOLS 


The following symbols represent the various coefficients of heat trans- 
mission and are the same as used in the Guide*: 

k the conductivity, is the BTU transmitted per hr per sq ft per 
deg F difference in temperature between the warm and cool sides 
of a 1-in. thickness of homogeneous material. 

C the conductance, is the BTU transmitted per hr per sq ft per 
deg F difference in temperature between the warm and cool sides 
for a stated thickness of a nonhomogeneous material or combina- 
tion of materials. 

Note: the k value of concrete is given for 1 in. of the material, 
but the C values are given for stated thicknesses such as 4-in., 8- 
in. and 12-in. concrete.masonry units. 

f the film or surface conductance, is the BTU transmitted between 
a surface and the surrounding air per hr per sq ft per deg F diff- 

*The Heating, Ventilating, Air Conditioning Guide, published annually by American Society of Heating 
and Ventilating Engineers, 51 Madison Ave., New York 10, N. Y.. The transmission coefficients, formulas 


and methods recommended in the Guide are the generally accepted standards used in computing heat trans- 
mission and were used in this paper. 
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erence in temperature. f; is designated as the inside surface con- 
ductance and f, is used to designate outside surface conductance. 

a the conductance of an air space, is the BTU transmitted through 
an air space between the boundary surfaces per hr per sq ft per 
deg F difference in temperature. 

U the over-all coefficient of heat transmission, is the amount of heat 
transmitted in BTU per hr per sq ft per deg F difference in tem- 
perature between the air on the warm side of a wall, floor, roof or 
ceiling and the air on the cooler side. 

R the thermal resistance, is the reciprocal of the conductivity, 
conductance or transmission. It may represent any of the 
following and must therefore be properly described: 


= resistance per unit thickness (resistivity). 
= resistance of a material (surface to surface). 
= film or surface resistance. 


= air space resistance. 


al Qi Se Qe Fle 


= over-all or air to air resistance. 


r 


x is the thickness of the homogeneous material in inches. 
Note: 21, 22, etc., represent the thicknesses of different homo- 


geneous materials and ki, ke, etc., represent their corresponding 
conductivities. 


COMPUTATION OF U-COEFFICIENT 


For a given wall, the over-all coefficient of heat transmission U can be 
determined by test in a guarded hot box apparatus or it may be com- 
puted from known values of the thermal resistance of various com- 
ponents. For the computation all that is needed is to add up the various 
resistances of the component parts of the wall, including the surface 
resistances and air space resistance, to find the total resistance R;. The 


over-all U-coefficient (by definition) will then be simply = These steps 
are illustrated in vi (1) “4g (2). 


bas tee: +2 aug 
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Fig. 6—Diagrams and symbols used in computing the coefficient U for several 
types of concrete walls. 
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By, this procedure the’U value of an 8-in. plain concrete wall, illus- 
trated _in Fig. 6a, would be as follows: 


l l 
U = ti “nentacs cn a I SATE PR Po (3) 
{, ky fi 


If an air space and an insulating material is added to the wall in Fig. 
6a as illustrated in Fig. 6b, Eq. (3) will have to be modified to include the 
1 ; ; : 
factors (‘) and (2). For this wall the U value is: 
a 2 


Oa Ee lp se i Ra ate ae fa ee (4) 


EY ~ oe Gece 
~+ 24-474 - 
| A ky a ke fi 
In the case of a wall built with hollow concrete masonry units (Fig. 


6c) the resistance of the units is o Here the U value is: 


oa pS = — ni dn has: ce naan (5) 
OS bate eee 
fo C a ke fi 


Table 1 shows k and C values with their corresponding resistances for 
the more common materials used as well as values for f;, f., and a. The 
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values in Table | are taken from the Guide and are based on still air inside 
and a wind velocity of 15 miles per hr on the outside surfaces. Air space 
conductance coefficients depend upon the nature of the enclosing sur- 
faces. It should be borne in mind that the values listed, particularly 
for surfaces and air spaces, are for typical conditions and materials. 

Table 2 gives the total resistances PR, and the over-all coefficient U for a 
number of different walls. The total resistance for a given wall is based 
on the sum of the individual resistance given in Table 1. The procedure 
used in preparing Table 2 is the same as outlined in the illustrated prob- 
lem which follows. By comparing the U-coefficient of an insulated 
wall in Table 2 with a corresponding coefficient without insulation the 
beneficial effect of adding insulating materials to a given wall construction 
becomes apparent. 
Ilustrative problem 

The tabulation accompanying Fig. 7 illustrates the steps used in com- 
puting the over-all coefficient of heat transmission ’ for an 8-in. cinder 
concrete masonry wall furred out with 2 x 2-in. wood strips. The ai 
space is partially filled with a 1l-in. blanket type of insulation. Interior 
finish consists of 1% in. rigid insulation and |% in. plaster. Two coats of 
portland cement paint are applied as exterior finish. It should be noted 
that as a result of the insulation employed the U’ coefficient of this wall 
is only 0.11 BTU per hr per sq ft per deg F. 


U-COEFFICIENTS OF CONCRETE, BRICK AND WOOD FRAME WALLS 
WHEN SIMILARLY INSULATED 
Table 3, based on values taken from the A.S.H.V.E. Guide, shows the 
comparative U values of residential walls of concrete, brick and wood 
exterior construction when finished with several types of conventional 
interior finishes. A study of the table reveals the interesting fact that 

















Awe ash | Component os fransrsiscion 
% Outside surface 0.17 
ct 7G Portland cement paint 0.19 
c ~ 8"Cinder Sy unit 1.73 
Blanket insulation 3.70 
Fir space (Furring) 0.91 
i . al Rigid insulation 1.5) 
te Ye" Plaster 0.15 
+ 4 Inside surface 0.6) 
Total resistanceR;= 8.97 








U= A; * 5oT° 0.11 Btu/hr./sq Ft /deg F 


Fig. 7—Computation of U-coefficient for wall section illustrated 
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with the same interior finish, the over-all heat transmission coefficient U 
of a residential wall is about the same whether the exterior is constructed 
of hollow concrete block, clay brick, wood frame or brick veneer. 

It also may be pointed out that initial differences in U’ value between 
various concrete walls become smaller as insulation is added and prac- 
tically disappear with a 1-in. rigid insulation furred out and plastered. 
The various comparisons offered by the data of Table 3 show that 
through the medium of insulative interior finishes concrete homes can be 
made just as warm in winter and cool in summer as houses of frame or 
brick veneer construction. 


CONDENSATION AND VAPOR TRANSMISSION 
Elimination of condensation on interior surfaces of all types of masonry 
as well as wood frame construction is as important a problem as that of 


TABLE 3—COMPARISON OF U-COEFFICIENTS FOR RESIDENCE WALLS* 


Interior finish 


15-in, plaster on 


Vy in. 1 in. 

Wood Metal rigid rigid 
Wall construction None Wall lath lath insula- | insula- 
furred furred tion | tion 


furred furred 


Solid concrete & in. 0.70 0.64 0.36 0.39 0.25 0.18 
Hollow concrete block 8 in. 

Gravel aggregate 0.56 0.52 0.32 0.34 0). 23 0.17 

Cinder aggregate 0.41 0.39 0.27 0.28 0.20 0.15 

Iixpanded slag, shale or 

clay 0.36 0.34 0.24 0.26 0.19 0.15 

Solid brick 8 in. 

fin. hardand4in. common 0.50 0.46 0.30 0). 32 (), 22 0.16 
Frame 

2 in. x 4 in. studs, | in. 

sheathing, wood siding 0.25 0.26 0.19 0.15 
srick veneer walls 

Sin. hollow concrete block 

with 4 in. brick facing 

Gravel aggregate 0.44 0.41 0). 28 0.29 0.21 0.16 

Cinder aggregate 0.34 0.33 0.24 0.2 0.18 0.14 

expanded slag, shale or 

clay 0.31 0.29 (). 22 0.23 0.17 0.14 

Brick veneer wall 

2 in. x 4 in. studs, 1 in, 

sheathing, 4 in. brick facing 0.27 0.258 0.20 0.15 


*U values from A.S.H.V.E, Guide expressed in BTU /hr/sq ft/deg F difference between the air on the two 
sides and based on an outside wind velocity of 15 mph 
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reducing the heat loss through the wall or ceiling. Not only will con- 
densation cause considerable damage to wall decoration but it will also 
reduce the effectiveness of the insulating material and create the feeling 
that the home is cold and damp. To remedy this situation, it is necessary 
to install the proper thickness of insulation and to provide an adequate 
vapor barrier on the warm side of the wall or ceiling construction. A 
few concepts regarding the behavior of water vapor in air will be reviewed 
to clarify the condensation problem. 

In general, the atmosphere is a mixture of dry air and water vapor. 
The vapor can move from one place to another without moving the air. 
There is a maximum amount of vapor which can be retained in a given 
volume of air at any given temperature and this saturated condition is 
defined as 100 percent relative humidity. Air having a 50 percent relative 
humidity has 1% of the vapor necessary to saturate it at that particular 
temperature. The higher the temperature the more vapor it takes to 
reach saturation. For example, at 20 F only 16 grains of vapor will 
saturate 1 lb of dry air (equivalent to 7000 grains), while at 80 F 156 
grains of vapor will be needed. The temperature which corresponds 
to 100 percent saturation is called the “dew point.””’ Thus, when air 
containing less vapor than that required for saturation is cooled, the 
relative humidity progressively increases as the temperature drops 
until saturation is reached at the dew point temperature. If the tem- 
perature is further reduced vapor leaves the mixture as condensation. 
Therefore, if the temperature of any surface is at or below the dew point, 
the air in contact with that surface will condense on it. 

A glass of cold water when allowed to stand in a warm room will 
“sweat” because the warm moisture-laden air which comes into contact 
with the cold surface of the glass is cooled and condensed. There are 
instances when water found on a wall or ceiling appeared to leak through 
the exterior wall or roof, but actually was the result of condensation or 
“sweating.” 

From the preceding paragraphs it will be apparent that condensation 
on a wall or ceiling could be avoided (1) by preventing the inside surface 
temperature from reaching the dew point temperature, (2) by reducing 
the relative humidity of the air, and (3) by increasing the circulation of 
air passing over the surface. It is generally undesirable to reduce the 
relative humidity of the air within the home or to increase the circulation 
of the air. Therefore, the prevention of condensation resolves itself into 
minimizing the heat loss through the walls to maintain the inside surface 
temperature above the dew point. 


DETERMINATION OF WALL TEMPERATURES 


The inside surface temperature of a wall as well as various points 
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within a wall can be determined if the air temperatures on the two sides 
of the wall are known, together with the individual resistances of the 
various wall components. This is accomplished by computing the tem- 
perature change between points under consideration. The temperature 
change between any two points is directly proportional to the ratio 
of the thermal resistance between these points to the total air to air 
resistance Ft, of the wall. Expressed as an equation: 


Temperature change = - xX temperature difference (air to air). . . (6) 
R, 

If in Eq. (6) F is the resistance from air on the warm side to any point 
in the wall toward the cool side the computed temperature change to 
that point is subtracted from the air temperature on the warm side to 
obtain the temperature at the point under consideration. In general, 
the temperature at any point in the wall can be found by the following 
equation: 

T= T, - R (T,,—T.). : + (7) 

R, 
in which, 

R, = total air to air resistance of the wall. 
R = resistance from air on warm side to any point in the 
wall toward the cool side. 


T,, = temperature of air on warm side. 
T.. = temperature of air on cool side. 
Ts 7. = temperature difference air to air. 


T = temperature of wall at point under consideration. 
Ilustrative problem 
The tabulations accompanying walls A and B in Fig. 8 illustrate how 
temperature changes can be computed for each component of the wall. 
In this problem, the temperature of the air on the warm side was assumed 
to be 70 F and that on the cool side to be — 10 F, giving a total tempera- 
ture difference from air to air of 80 F. 


DETERMINATION OF DEW POINT TEMPERATURES AND CRITICAL 
RELATIVE HUMIDITIES 
Table 4 may be used to determine the wall surface temperature at 
which condensation will form for any combination of air temperature and 
relative humidity likely to be encountered in homes. The condensation 
temperature is the same as the dew point. The dew point temperature 
can be determined from the room or “dry bulb” temperature and the 
relative humidity. For example, with a room temperature of 70 F and 


a relative humidity of 61 percent the table indicates that the dew point 


is 55.3 F. To prevent condensation, wall temperatures must remain 
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S 
Wall A—Not Insulated 
Resistance 
to heat Temperature change 
Symbol Component transmission between surfaces 
- Outside surface 0.17  (0.17+2.70)80 = 5 deg 
5. 8-in. cinder concrete 
C masonry unit and 2 coats 
portland cement paint 1.92 (1.92 +2.70)80 = 57 deg 
- Inside surface 0.61 (0.61 +2.70)80 = 18 deg 
R, Total resistance 2.70 80 deg 
, 1 
U= = 0.37 
R, ; 
Wall B Insulated 
5 Outside surface 0.17 (0.17+5.27)80 = 3 deg 
1 8-in. cinder concrete 
Cc masonry unit and 2 coats 
portland cement paint 1.92 (1,92 +5.27)80 = 29 deg 
1 Air space (furring) 0.91 (0.91 +5.27)80 = 14 deg 
a 
i V4 in. rigid insulation 1.51 (1.51 =5.27)80 = 23 deg 
1 
14 in. plaster 0.15  (0.15+5.27)80 = 2 deg 
v2 
P Inside surface 0.61 (0.61 +5.27)80 = 9 deg 
R, Total resistance 5.27 80 deg 
’ 1 
U = — = 0.19 
R, 


Fig. 8—Computations and diagrams of temperature changes in cinder concrete masonry 
walls before and after application of insulation 
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above this value. The table may also be used to determine the relative 
humidity above which condensation will occur if the wall surface tem- 
perature and air temperature is known. Thus with a wall temperature 
of 60 F and a room temperature of 80 F the table shows that condensa- 
tion will occur when the relative humidity is 51 percent or more. 

In this connection, it is interesting to consider the difference in thermal 
properties between walls A and B in Fig. 8. The computed temperature 
of the interior surface of wall A is 52 F, based on a room temperature of 
70 F. In this case, condensation will occur if the relative humidity 
exceeds 53 percent. By adding insulation the interior surface tem- 
perature of wall B has been increased from 52 deg to 61 deg (the room 
temperature remaining at 70 F). Condensation will not occur until 
the relative humidity attains 73 percent or more. This clearly illustrates 
how insulation prevents condensation by increasing the surface tem- 
perature of the wall. 

Examination of Table 4 shows that for air at a given “dry” (dry bulb) 
temperature there is a “wet’’ (wet bulb) temperature for each percentage 
of relative humidity. It has been found that the actual amount of 
moisture mixed with the air at various conditions of temperature and 
degrees of saturation is most conveniently ascertained by observing 
the actual temperature of the air (dry bulb) and the lemperature at which 
evaporation takes place. The temperature at which evaporation takes 
place is indicated by a thermometer, around the bulb of which is placed 
a moist wick or cloth. This thermometer is termed the ‘‘wet bulb” 
thermometer and it indicates the ‘‘wet bulb” temperature. Usually 
the wet and dry bulb thermometers are mounted side by side and a small 
fan is used to draw air over the thermometer bulbs at a constant rate 
until each thermometer reads a steady temperature. The relative 
humidity of the air corresponding to these wet and dry bulb readings 
may then be obtained from Table 4. 


IMPORTANCE OF VAPOR BARRIERS 


Although condensation on the interior surface of a wall can be pre- 
vented by increasing the surface temperature with insulation it is also 
important to reduce the possibility of condensation or dampness within 
the wall. Since most building materials are more or less permeable, they 
permit vapor to pass from the inside to the outside of the wall, partic- 
ularly since the vapor on the warm interior side is usually at a higher 
pressure than on the cool exterior side. As the vapor penetrates into the 
cooler sections of the wall it may condense unless its initial entry is 
prevented by a vapor barrier. To be effective the vapor barrier should 
be placed as near as possible to the warm side and should be impermeable 
enough to prevent the humidity of the air mixture within the wall from 
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building up to the saturation point. Vapor barriers sometimes form an 
integral part of commercial insulating materials and help to keep them 
dry so that their heat insulating efficiency will not be impaired by con- 
densed moisture. There are a number of effective vapor barriers on the 
market but further discussion is beyond the scope of this paper. 


EFFECT OF PROGRESSIVE INSULATION ON WALL TEMPERATURE AND 
HEAT LOSSES 


Table 5 shows how the resistance R,, the over-all coefficient of heat 
transmission U, and the inside wall surface temperatures will vary as 
insulation is added to wall A shown in Fig. 8. The total heat loss for an 
80 deg temperature differential (70 F inside and —10 F outside), for a 
24-hr period, for 1000 sq ft of wall for each of the various U-coeffic- 
ients is given in the table. Nove that each unit of insulation adds approxi- 
mately equal units of resistance. 
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TABLE 5—EFFECT OF PROGRESSIVE INSULATION ON 8-IN. CINDER CONCRETE 
MASONRY WALL 


With 70-deg inside air 





Temperature BTU lost per 
difference 1,000 sq ft of | Reduction 
between Wall /|wallfor 24 hours in heat 
air and inside tem- (for 80-deg temp | loss, BTU 
R, U wall surface, |perature, differential 
deg deg 

8-in. cinder con- 
crete masonry 
wall and portland 
cement paint 2.70 | 0.37 18 52 710,000 
Add furring, 
plasterboard and 
14-in. plaster 
(ie = 1.33) 4.03 | 0.25 12 58 480,000 230,000 
Change plaster- 
board to 1%-in. 
insulation 
(R = 1.24) 5.27 0.19 i) 61 366,000 114,000 
Add %-in. insu- 
lation (total 1 in.) 
(R = 1.51) 6.78 | 0.15 7 63 288,000 78,000 
Add 1%-in. insu- 
lation (total1'4 | ; 
in.) (R = 1.51) | 8.29 | 0.12 6 64 230,000 58,000 
Add %-in. insu- ‘ 
lation (total 2 in.) : 
(R. = 1.51) | 9.80 | 0.10 5 65 192,000 38,000 


The first unit added saves 230,000 BTU and raises the inside Surface 
temperature 6 deg while the last unit, although actually larger than the 
first unit, saves only 38,000 BTU and raises the inside surface tempera- 
ture only 1 deg. The first two units increase the surface temperature 9 
deg, the last three only 4 deg additional. Heat loss follows the same 
pattern, the first two units of insulation saving about half of the total 
heat loss, and the remaining three units saving only half the quantity 
saved by the first two. This example indicates that insulation should 
not be added indiscriminately but that only as much should be used as 
can be justified by the results obtained for the expense incurred. 


HEAT LOSSES FOR TYPICAL CONCRETE HOME 


In the past, permissible heat losses were loosely specified. ‘Today the 
practice is quite the reverse. ‘Performance Standards,’’a publication 
of the Housing and Home Finance Agency, limits the permissible heat loss 





THERMAL INSULATION OF CONCRETE HOMES 871 


in a dwelling in BTU’s per hour to 60 times the total number of sq ft of 
floor area. This is about half the heat loss encountered in the average 
prewar house. Obviously it is advisable to meet the performance stand- 
ards of recognized housing agencies. This means that more attention 
must be given to the use of insulation, particularly in the colder regions 
of the country. 

An example has been worked out in the appendix showing the heat 
loss calculations for a typical concrete residence using storm sash, 
weatherstripping, and insulation in the wall and ceiling. The floor area 
is 768 sq ft. Based on the HHFA performance standards, the maximum 
hourly heat loss would be limited to 60 K 768 = 46,080 BTU’s. Table 6 
itemizes the heat losses through the various parts of the house. The 
summation of these heat losses is 44,516 BTU per hour, well below the 
permissible limit. The heat loss through walls, ceiling and floor is 47.2 
percent of the total loss compared with 52.8 percent for the heat loss 
through windows, doors and infiltration. Through the mediums of in- 
sulation, storm windows and weatherstripping, this concrete house 
readily complies with the rigid requirements for heat loss currently in 
effect by the Housing and Home Finance Agency and provides comfort- 
able and economical living conditions, winter and summer. 
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APPENDIX 


Example of heat loss calculations for a typical residence 
Fig. 9 and the accompanying nofes give the general construction details of the con- 
crete house whose heat losses are itemized in Table 6. 
(a) Windows First floor: wood sash, double hung with storm sash. 
Basement: steel casement, no storm sash. 
(b) Outside doors Size 3 ft 0 in. x 6 ft 8 in.; area 20 sq ft 
(c) Exterior walls 8-in. concrete masonry cinder unit with 34-in. furring, 1%-in. rigid 
insulation and 14-in. plaster. Two coats of portland cement paint. 
Vapor barrier on unplastered side of insulating board. 


Continued on p. 874 
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Basement walls 8-in. concrete masonry cinder unit with 14-in. cement plaster on 


exposed face. 


Cold partitions None 


Ceiling and 
attic space 


Infiltration 


Double hung 
wood windows 


Steel casement 
Wood door 


Design 


Lath and plaster with vapor barrier (duplex paper). 
No floor above; 3-in. mineral wool between joists 16-in. 0.c. Ven- 
tilated attic, unheated. 
Windows: First story weatherstripped. 
Basement not weatherstripped. 


Doors: First story not weatherstripped. 

Size Area, sq ft Crackage, ft 
56/12 22.5 24 
32/24 13.5 18 
32/16 9.5 15.3 
16/15 5.1 6.4 
24/16 7.4 13.3 
3’0” x 6'8” 20.0 19.3 


Inside air, 70 deg F; outside air, —10 deg F 




















available from ACI at 60 cents each—dquantity quotations on request. Discussion 
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Long-Time Study of Cement Performance in Concrete 


Chapter 4. Microscopical Study of Clinkers* 
By L. S. BROWNT 


SYNOPSIS 


This paper records the petrographic studies made on the 21 lots of 
clinker manufactured for the 27 Long-Time Study cements. These 
studies showed that nine entities were regularly determinable, these 
being CiS, CS, CsA, CyAF, free CaO, free MgO, a “dark prismatic’’ 
mineral, glass, and a microscopically undifferentiated complex. Per- 
centages of these mineral phases were measured on polished sections, 
by means of a Wentworth integrating stage, for each lot of clinker. The 
measurements, representing essentially the mineral composition of the 
cements, are presented in tabular form. The paper also is concerned, 
on the one hand, with the history and techniques of clinker mineral 
identification and, on the other hand, with correlations between the 
mineral compositions and various other features or properties of. the 
clinkers and the cements. 
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FOREWORD 


Compositional and other features of portland cements influence their 
hydration behavior. The purpose of the Long-Time Study was to dis- 
close more specifically the nature of the influential factors, particularly 
as related to the durability of concrete. The method has been detailed 
in preceding chapters; in summary, it was to observe over an extended 
period the behavior of concrete specimens made with a variety of cements, 
27 in all, tested for all discernible properties and including detailed ob- 
servation of manufacture of the 21 different lots of clinker from which 
they were made. The cements were so selected as to represent the five 
types recognized by the A.S.T.M. and the lesser variations arising from 
differences in plant processes, raw materials, and specific compositions. 
The cements were ground from these clinkers with gypsum, as customary, 
and six of the clinkers were ground also with Vinsol resin. All cements 
were manufactured from commercial raw materials in established 
commercial plants. 


The microscopic work reported herein was included in the project 
to permit a correlation between durability and observed microscopical 
features of the clinkers, principally the mineral* composition. Study of 
the clinkers was considered sufficient, since the cements differed com- 
positionally only in added gypsum and resin. The clinker minerals are 
the new compounds that are formed in the kiln by interaction, as for 
example, between the basic (CaO) and acidic (Al.03, FexO0;, SiO.) oxides 
essentially freed by thermal decomposition of the raw limestone and clay. 
They are the functional units, both in clinker composition and in cement 
hydration processes. Hydraulicity and other properties of cement in 
reality are properties of the clinker minerals (disregarding added gypsum). 

Because of these relations, the problem of clinker mineralogy long has 
been actively investigated. At the inception of the Long-Time Study, 
identities of clinker minerals had been established about as follows: 
~~ *The term “mineral” has been considered in the past”to apply only to substances of natural occurrence 


but there is a growing tendency to extend its use to include inorganic compounds such as occur in portland 
cement clinker. See Lea and Desch, The Chemistry of Cement and Concrete, pp. 82, 86, 1935. 
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Essential minerals Symbol 
Tricalcium silicate, 3CaO.Si02....................038 
Beta dicalcium silicate, B2CaO.SiO02........... . BCS 
Tricalcium aluminate, 3CaO.Al.03............... C3A 


Tetracalcium alumino-ferrite, 4CaO.Al.03.Fe.03....CyAF 


Accessory minerals 


Free Lime.......... ae .....Free CaO 
Magnesia........ m4 S Aatend aes 0:0. a'sis 

Glass 

Alkali sulphate (aphthitalite)............... ....(Na,K) SO, 


“Dark prismatic,’’ an unusual mineral believed 
to be essentially C;A 


Conditions of equilibrium between these minerals at high temperature 
had been studied extensively. From the relations made known, it had 
become customary to calculate, from the chemical oxide analysis, a 
“potential compound composition.”” It was called “potential’’ because 
it indicated the proportions of these minerals that would exist within such 
a chemical composition if cooling of the clinker was sufficiently slow to 
attain complete crystalline equilibrium. The derivation further assumes: 
(a) that the mix initially attains equilibrium at high temperature, (b) 
that the mix is composed solely of the four pure oxides, CaO, Al.Oz, 
FeO; and SiOs, and (c) that high temperature phase equilibria have 
been fully and correctly mapped. 

At complete crystalline equilibrium there would be no glass. It was 
recognized, however, that commercial cooling processes might not be 
sufficiently slow, whereby a portion of the liquid or melt present at high 
temperature would congeal directly to an amorphous solid, conveniently 
called glass, which would be present at the expense mostly of the more 
fusible of the crystalline substances, namely C;A and C,AF. Properties 
of the cement could vary significantly, depending upon glass content. 
It was known, for example, that quick cooling favored early strengths, 
and that MgO dissolved to some extent in the liquid (glass), to that 
extent not being available for expansive hydration. These observations 
made it desirable to know or to be able to determine more specifically 
the actual mineral composition of clinker. The potential calculation 
provided a partial approach, but it could not go far enough. 

The microscope offers a closer and more direct approach. The general 
pattern or arrangement of mineral units as seen in clinker under the 
microscope is simple and closely similar for all clinker. Plentiful, rela- 
tively large and easily perceivable units of CyS and C.S are enclosed 
within a difficultly resolvable matrix, or ground-mass. C,S units are 
sharply angular; CoS units are smoothly-rounded, generally tending to 
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occur in clusters. Because of the general prominence of the C;S and 
CS crystals, both in size and in total quantity, it has become customary 
to call the matrix “interstitial material.” 

Viewed in transmitted light, ¢e.g., powder mounts or thin sections, the in- 
terstitial material usually is dark-colored and often impenetrable. Neither 
C;A nor MgO can be distinguished, principally because their optical prop- 
erties are nearly identical with those of C,S. Glass can be recognized 
only when it is present in considerable proportion. C;S and C.S are the 
only easily perceivable units, and boundaries of these are not sharply 
defined because of overlapping edges in the finite thickness of the mount. 


Polished section (metallographic) study of clinker is almost as old as 
thin section (petrographic) study. It has been less used, however, partly 
because the very small charges utilized in studies of phase equilibrium 
are not easily amenable to preparation, and partly because optical prop- 
erties by which the mineral units customarily are recognized are not 
evident, in polished sections. The method was returned to attention 
very abruptly by Tavasci’s'* paper in 1934, which described a means of 
further resolving the interstitial material. Etch reactions were described 
for perception of C;A, C,AF, CS, CS and other minerals. It was 
thought possible to distinguish glass, although the unit’ called glass by 
Tavasci, as shown in his photomicrograph, has the characteristics 
more of a fragment of foreign material in the section. 


Insley, at the National Bureau of Standards, quickly recognized the 
value of the method, partly because of studies of cement clinker that the 
Bureau of Standards had been called upon to make in connection with 
major structures then contemplated’. Not only was it possible to 
resolve C;A, Mgo and other minerals not otherwise perceivable, but the 
mineral units were very sharply defined, permitting precise setting of 
measuring instruments. A 5-screw Wentworth integrating stage was 
available, and Insley shortly developed a technique and made some 
quantitative clinker mineral analyses. Two or three laboratories under- 
took the same line of investigation, adding from time to time minor 
modifications to Insley’s technique. 


Thus it is seen that the microscopic work was included in the Long- 
Time Study program because of these recent developments. ‘Through- 
out the history of portland cement there had been a consciousness that 
cement properties largely were those of its constituent minerals. Clinker 
mineralogy had been intensively studied, and identities of the essential 
and some of the accessory minerals were considered to be more or less 
firmly established. Progressive improvement in engineering properties 
of cement focused more attention on cases of distress in concrete. Study 
of free lime and magnesia, with adoption in 1937 of the autoclave sound- 
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ness test, had brought out some of the results, perhaps benefits, of high 
glass content in the cement. 

These developments made it increasingly desirable to be able to 
determine actual mineral composition. ‘Tavasci’s paper showed how 
C;A, MgO, and possibly glass, could be perceived in polished sections. 
However, it was not until Insley, shortly later, had shown how clinker 
mineral composition could be measured, that utilization of mineral com- 
position in comparative studies of cement performance became feasible. 
The almost limitless variations in cements make it necessary to use a 
significant number of different cements for adequate representation. 
For purposes of detailed comparison between cements, individual de- 
scriptions adequate to bring out the minor differences that are bound 
to appear within such an assortment can be expressed only in numerical 
terms. ‘The final requisite of measurement, initiated by Insley, pro- 
vided a means of quantitative description of clinker mineral composition. 

The objectives of the microscopical study can be made somewhat 
more specific. Since the clinker minerals are formed in the kiln, it follows 
that “qualities” of the clinker will vary with time and temperature, or, 
as customarily expressed, with “degree of burning.’’ Physical changes 
in the kiln are in the direction of increasing density. Shrinkage represents 
(a) void space in the particulate raw mix (b) void space left by CO, 
driven off, and (c) clinker minerals of higher specific gravity than raw 
mix minerals. Degree of burning therefore can be expressed numerically 
in terms of weight of a unit volume of given size of clinker. Moreover, 
degree or thoroughness of burning may vary with clinker size, since the 
surfaces of clinker particles are surfaces of heat transfer. Small clinker 
should be more uniform than large. Small clinker should be more re- 
sponsive to heat changes, and with rapid cooling should show a higher 
glass content. In other words, quality, at least as shown in mineral 
composition, can be related numerically to degree of burning and to 
clinker size. 


OBJECTIVES OF MICROSCOPIC WORK 


This introduction serves to point up the purposes of the microscopic 
work. 

1. The principal objective was to determine, quantitatively, the actual 
mineral compositions of the Long-Time Study clinkers, for correlation 
with hydration behavior of the cements and particularly with long term 
durability of concretes made with the cements. 

Associated with this objective, but necessarily prior to it, were other 
objectives, as follows: 

2. A general microscopic study of the wide assortment of commercial 
clinkers represented in the project, (a) to determine specific characteris- 
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tics of all observable minerals, and (b) to work out a technique suitable 
for their routine resolution and measurement. 

3. Comparison of measured mineral compositions with respect to 
(a) elinker “liter”? weight* and (b) clinker size, within each lot. 

4. Comparison of the mineral analyses with (a) calculated potential 
compound composition, (b) clinker glass as determined by héat of solu- 
tion methods, and (c) heats of hydration of the cements at early ages. 

5. Description of any other distinguishable microscopic features that 
expectably might affect properties of the cement. 


SAMPLING AND DISPOSITION OF SAMPLES TAKEN 


During manufacture of each of the 21 different lots of clinker, each 
kiln was sampled, usually at 30- to 60-min. intervals, in some plants 
from kiln discharge, in others from the cooler, each sample comprising 
some 40 or 50 Ib of clinker. After determination of liter weight, a part of 
each sample was stored whole and another part was crushed at the plant 
to pass No. 4 sieve. Later, at the PCA laboratories, the whole clinker 
was separated into six sizes for use in the clinker autoclave test described 
in Chapter 3, and a chemical analysis was made on the crushed sample. 

The microscopic work utilized only two of these samples from each 
plant, namely, that of the highest and the lowest liter weight for the 
whole plant run. At first a third sample, of intermediate liter weight, 
was included, but this was discontinued after finding that it yielded 
no new information and that contrasts were less easily perceivable. 

Whole clinkers were used to study the effect of clinker size. Each of 
the six autoclave sizes was examined and mineral compositions meas- 
ured. This series comprised a total of 2 K 21 kK 6 = 252 integrations. 

The crushed portion of the same samples was used to study the effect 
of clinker liter weight, comprising 2 * 21 = 42 integrations in the second 
series. Glass as measured in this second series of integrations was com- 
pared with glass as determined by heat of solution on the same samples. 

The third and final series of integrations, comprising 21 in all, was 
designed to represent as nearly as possible the mineral compositions of the 
Long-Time Study cements. Necessarily it was made on a composite 
clinker sample, known as the K-2 series. Clinker for this series was 
composited, through the whole of each plant run, from grab samples 
from the finish mill feeder tables before addition of gypsum. The com- 
posite was thoroughly mixed and a portion crushed to pass the No. 4 
sieve. Integration was made on the —8 +28 sieve fraction of this 
crushed portion. These measurements yielded the final mineral analysesf. 
~ *The clinker unit weight adopted in this work is that of one liter volume of clinker 4 to % in. in size. See 


Chapter 2, p. 558, ACI Jouunat, March 1944. 
t ted in Table 4-2, p. 892. 
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MINERAL RESOLUTION IN CLINKER POLISHED SECTIONS 


General observations 


The mineral analyses reported in this study have no meaning without 
an understanding of (1) specific features of the minerals perceived, (2) 
means employed for their recognition, and (3) accuracy of measurement. 
It is necessary, therefore, to precede presentation of results by a brief 
discussion of these topics. 


The purpose of polishing a clinker surface is to resolve constituent 
substances. Hardness is one of the specific properties by which a mineral 
is identified. It is an advantage therefore to design the polishing process, 
essentially one of abrasion, for controlled emphasis of this property, as 
was done in the present study. This is not difficult, for polishing a 
heterogeneous solid to a perfect plane, i.e., devoid of relief, is virtually 
impossible. 


A polished surface of portland cement clinker exhibits two principal 
reflectivities. Much of the larger part of the solid is « dull, smoky gray. 
The rest of it is a bright silver white, scattered through the gray in 
varied patches. In transmitted light the bright patches are found to 
be some iron composition, deeply colored brown to nearly black. The 
smoky gray includes all other minerals, which are relatively clear, color- 
less, and transparent in transmitted light. The bright patches are very 
slightly harder than the gray. Hardness of the gray is quite uniform 
throughout except for minor particles of MgO, which are much harder, 
and CaO, which are considerably softer. The great bulk of the material 
thus serves as a datum plane against which these minor materials of 
greater or lesser hardness are revealed. The surface is interrupted re- 
peatedly by voids, troublesome at best in microscopic examination and 
very much so with low liter weight clinker. 

The general mineral pattern is that of angular crystals of CyS and 
rounded grains of C.S, the latter usually in clusters, enclosed within the 
rest of the mass. C,S and CS, as previously stated, are prominent be- 
cause of total quantity and large unit size, wherefore the matrix, in be- 
tween the grains, is called “interstitial material’’'*. This ineludes the 
brightly reflecting and part of the gray areas, which are designated 
therefore as “bright interstitial” and “dark interstitial,” respectively®. 

Dark interstitial appears in three general modes, usually not all 
together but not always clearly separable. The first two are roughly 
equidimensional patches, one bounded by simple, smooth lines, the other 
by very ragged borders. The third mode is in rather sharply defined 
elongated, lath-like units, therefore known as “dark prismatie’’'. 

Assuming that clinker has attained equilibrium at kiln temperature, 
about 1500 C, the general pattern or structure appears quite simple 
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under either of two conditions. The simplest pattern occurs with in- 
stantaneous quenching from high temperature. Straightsided, angular 
crystals of C;S and rounded grains of CS then are sharply defined in a 
continuous, uniform, interstitial glass. The other condition is that of 
slow, equilibrium cooling to complete crystallization, 7.e., through 1250 C. 
Interstitial material then consists of two substances, one dark, one 
bright, in large, roughly equidimensional units recognized as C;A and 
C,AF. CS and C28 tend to lose their sharp regularity of form, mostly 
through reaction with the liquid, during the cooling period. 


With intermediate cooling conditions, which prevail in commercial 
manufacture, the pattern becomes more complex. Cooling rates vary 
according to kiln-cooler setup. In some few cases there is almost equilib- 
rium cooling. In other cases there is rapid cooling, although never 
instantaneous quenching. Ragged dark interstitial tends to predominate 
with rapid cooling; also, dark prismatic tends to be more prominent, 
especially with high alkali clinker. 


The simply bounded dark interstitial, observed after slow cooling, 
is identified as “rectangular” crystalline C3;A, and the well-defined 
bright interstitial under the same condition as crystalline C,AF. Identity 
of dark prismatic has not been conclusively established, but it appears 
to be essentially C,;A'*. Ragged, equidimensional dark interstitial has 
been identified as glass* but this identification appears to be faulty. 


The interstitial matrix frequently is ‘“‘mottled’’*, 7.e., an intimate 
intermixture of bright and dark, so fine-grained as to interfere with clear 
identification or measurement. One of the problems of this study was 
to understand what was seen under the microscope, or to deduce the 
manufacturing history from what was observed in the clinker as received. 
Perhaps this was not so important for the history itself as it was toward 
assistance in identification of perceived phases, especially glass. Signifi- 
cance of the mottled type of interstitial has not been conclusively shown. 
The present work, however, indicates that time and temperature in the 
kiln were not sufficient to give the initially predicated high temperature 
equilibrium. According to the clinkers studied this condition appears 
quite common in commercial products. Possibility of its existence 
commonly is overlooked, mostly because tracing the course of crystalli- 
zation according to phase rule considerations necessarily starts with a 
condition of homogeneous equilibrium.* 


*It is appropriate at this point to refer to the photomicrographs accompanying this report. These are 
ouped in a series at the end of the text, together with detailed descriptive notes arranged to facilitate 
inspection and interpretation. It is infeasible, because of the requisite number, ia attempt to illus- 
trate the characteristics of each clinker. The photomicrographs that are presented have been especially 
selected to illustrate features of general significance encountered in microscopical examination of clinker, 
such as those outlined in the preceding paragraphs. It was considered preferable to present the photo- 
in this manner rather than as separate illustrations in the body of the text. Within the text 

there are no direct references to photomicrographs, except in two instances of special or unique features. 
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Prior preparatory methods 

Clinker mineral measuring technique generally followed at the in- 
ception of the Long-Time Study was essentially that developed by 
Insley’, quoted, in part, herewith: “The preparations were first etched 
with water for two seconds, immediately rinsed with alcohol and dried. 
This etching served to distinguish free MgO, free CaO and crystalline 
“dark interstitial’? material from the rest of the clinker constituents. 
After quantitative microscopic analysis for these three constituents, 
the preparation was etched for 3 seconds in a 1 percent alcoholic solution 
of HNO; to differentiate C2S, C;S, C,AF and total ‘dark interstitial’ 
material.’”” Glass was determined, after the second integration, as the 
difference between total and crystalline “dark interstitial’ material. 

Attention should be drawn to several points: 

1. Etching was effected by dipping the polished surface into the etch 
solution. 

2. By “crystalline” was meant that part of the “dark interstitial” 

.. “rapidly etched by H,0.” This is the “rectangular” or 
isometric C3A. 

3. A part of the “dark interstitial,’ considered to be glass, was not 
etched by water. It was not measurable directly because after 
the first etch it was not distinguishable from C;S and C.S, and 
after the second etch it was not clearly distinguishable from 
priorly measured C;A. Hence, it was determined by difference. 

Certain deficiencies of the technique were generally recognized at the 
time. These may be summarized, as follows: 

1. Glass percentages so determined did not check well with values 
determined by heat of solution':?:”. Later on it was found that total 
dark interstitial was brought out better by a third etch, namely, 15 
seconds in 10 percent KOH °, a method followed by Ward also*. Neither 
obtained notably improved agreement with heat of solution results. 
The situation was as Insley had written, earlier®, “. .. no etching 
method permitting sharp distinction between crystalline and glassy dark 
interstitial material has been developed.” 

2. Two separate integrations were required for a single analysis. 
This was mostly because the integrating stage then available carried 
only 5 micrometer screws, but it was required partly for determination of 
glass. The two integrations later had to be matched to 100 percent, 
usually requiring adjustment of a slight error. 

3. Etch reaction of rectangular C;A to water was variable, “depend- 
ing upon whose distilled water was used’’*. The reaction was more a 
discoloration than a true etch. The effect varied from a deep blue, pre- 


*Personal communications: F. W. Ashton, E. P. Rexford, G. W. Ward. 
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sumed to be the ideal response for isometric C3;A, to no recognizable 
change. 

4. The silicates, C;S and C.2S, are about equally attacked by 1 percent 
HNO; in alcohol, and the dipping application leaves the etched surfaces 
obscured by a dark brown, insoluble film, first noted by Stern.!'! Fre- 
quently, therefore, it was difficult to distinguish between the two silicates. 
Moreover, the effect usually was not uniformly developed over the whole 
l-in. surface of the specimen. 


Methods and measurement in present study 

Several months’ preliminary study of clinkers and methods was made, 
toward development of a technique better suited to the routine measure- 
ments planned. It was found that clinker regularly could be resolved 
into nine substances, all measurable in one integration. The integrating 
stage was then extended to carry nine micrometer screws. It was fitted 
also with a mechanical stage; vertical graduations spaced the traverses 
and the pinion on the horizontal arm permitted quick passage over voids. 

The nine substances measured were—C;S, CoS, C3A, CyAF, free CaO, 
free MgO, dark prismatic, glass and undifferentiated. 

The following is a summary of the development of the technique 
by which these substances were made perceivable. It provides also a 
necessary description of some of their specific features, especially of the 
latter three. 

1. The removal etch. In etching the silicates, experiment showed 
that clean etched surfaces, free from obscuring insoluble reaction film, 
resulted from application by brush. Best results were obtained by 
holding the prepared face against a rotating lap covered with velveteen, 
while pouring a small stream of etch reagent onto the lap just ahead of the 
specimen. 

2. Effect of pH of water. Trial of many reagents and survey of the 
literature showed that, in general, acidic solutions attack the silicates 
but not the aluminates, and that basic solutions attack aluminates but 
not the silicates (short time). Laboratory distilled waters vary between 
pH 5.4 and 6.8. The variability previously noted in response of C;A 
lies in observation that at pH 6.8 it is discolored a deep blue but at 5.4 
it is unaffected. 


3. A single etch. When applied by velveteen lap, water at pH 6.8 to 
7.0 plainly etches C;S but is practically without effect on CS (exceptions 
to be noted later). It also strongly etches and deeply discolors rectangu- 
lar C;A. Dark prismatic and ragged dark interstitial material are not 
etched, but are discolored to a faint blue. Free CaO is strongly attacked 
and discolored, although perceivable otherwise. Bright interstitial and 
MgO are unaffected. Coupled with a relief polish, this single etch dis- 
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tinguishes the following phases: (,S, CoS, C34, bright interstitial, 
ragged dark interstitial, dark prismatic, free CaO and MgO. 

4. Clinker glass probably bright interstitial. Lack of agreement with heat 
of solution values does not necessarily prove microscopically measured 
results erroneous. The possibility that they might be erroneous, how- 
ever, was strengthened early in the present work by two observations 
that definitely showed the microscopic method to be faulty. Glass, 
determined by difference after dipping into 10 percent KOH, was in- 
dicated (a) to be higher through the interior of a clinker than in the outer 
surface and (b) to be higher in low liter weight than in high liter weight 
clinker. 

The difficulty appears to be in identification of ragged dark interstitial 
as glass. Other considerations indicate that glass in every case must be 
bright interstitial. For example, C,AF owes its bright reflectivity to a 
combination of dark color, high refractive index, and high iron content. 
Glass of clinker also is a colored, iron-bearing phase, and should be bright 
in reflection for the same reason. The brightness will vary with A/F 
ratio and with rate or degree of cooling, but by contrast with neighboring 
minerals glass always should be bright interstitial. 

The conclusion that glass had to be brightly reflecting left the ragged 
dark interstitial unidentified. Reaction of this substance to water 
applied by velveteen lap is a faint bluish discoloration without dis- 
tinguishable etching, just as occurs with dark prismatic. Presumably, 
therefore, in cement the hydration reaction of the two would be the 
same. In this view both may be considered the same mineral, although 
neither is mineralogically identified. Both in the present study were 
measured as dark prismatic, regardless of external form. 

This alliance had been supported also by results of a separate experi- 
ment. A Type I, high C3;A, high alkali, clinker was pulverized. Six 
10-gram portions, in platinum boats, were heated to 1420 C for 30 
minutes in a “Globar’’ muffle. One of the boats was then withdrawn 
to “air quench” on the furnace platform. Temperature of the furnace 
then was lowered at the rate of 50 C each half hour, and at each such 
interval another boat was withdrawn to air-quench. The last one there- 
fore was annealed through 21% hours and withdrawn at 1170 C. The 
three lower-temperature specimens showed typical crystalline C;A. The 
three higher-temperature specimens gave the reaction for dark prismatic. 
It was notable, however, that a prismatic outline, which was prominently 
developed in the 1420 C specimen, became less prominent at successively 
lower temperatures. The perfection of prismatic forms gave way to 
ragged dark interstitial, although the etch reaction remained the same. 

In connection with clinker glass, reference should be made to the 
“mottled” interstitial material, previously described by Insley, which 
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is an intimate intermixture of bright and dark interstitial. The litera- 
ture leaves the novice wholly unprepared for the proportion of this 
type of interstitial that is encountered in all lots of clinker, in some more 
than others, nor for difficulties it causes in interpretation. The in- 
dividual units are too small and too closely crowded together either for 
secure identification or for precise measurement. What disposition is 
to be made of such material when it is encountered in the course of a 
mineral integration? 

Apparently it can represent either a precipitate with rapid cooling or 
low temperature reaction and non-attainment of high temperature 
equilibrium. Evidence to be discussed later indicates mostly the latter 
origin. Often neither was certain, and precise separate measurement 
was not possible, as previously noted. Each such area therefore, was 
measured in its entirety under the name “‘undifferentiated.’’ Such meas- 
urement is at the expense of C,AF, C;A, and glass. It was felt, however, 
that an accurate total measurement was preferable to uncertain separate 
measurement. Also, classed as a unit it conveys an interpretation that 
disappears with separation into component parts, doubtful or otherwise. 

In the final clinker mineral analyses of the present work a part of the 
bright interstitial was recognized as glass, although no means of sharp 
distinction between glass and C,AF was devised. Within broad limits, 
diminished brightness was used. This was supplemented by less direct 
observations. If well-crystallized C;A was present in the immediate 
vicinity, it is almost impossible for the bright interstitial to be glass. 
Observations of the same clinkers in transmitted light were of assistance, 
though not affording measurements. In polished sections a simplicity 
or perfection in pattern generally indicates high glass, but this tends to 
be unreliable with low A/F clinkers. 

Developments shortly prior to the present study had emphasized 
the importance of alkalies in cement. It was desired therefore to make 
visible and to measure, as fully as possible, such alkali minerals as 
might occur. Identities of alkali phases of possible occurrence in clinker 
are still under investigation. At that time only one alkali mineral 
(Na,K)2SO,, was known actually to be present. This could be seen by 
transmitted light, as shown in the thin section photomicrograph, Fig. 4, 
No. 3 of clinker 11. 

Intensive experiment failed to make the sulfate or any other known 
alkali mineral separately visible on polished clinker surfaces. Some 
further indication of occurrence of alkalies is given later on, but for 
purposes of mineral recognition and measurement, the alkali minerals 
were not revealed. 


This technique assigned some identity to every unit in the polished 
section under the microscope. It was recognized that the alkalies, and 
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perhaps other substances, were variably present in some sort of com- 
binations. Further resolution of the different phases apparently could 
not be achieved. Therefore, routine measurements were started, in 
terms of nine substances as above recognized.* 

Technique eventually adopted for routine application comprised three 
operations: 

1. A relief polish, to bring out MgO. 

2. A removal etch, using distilled water at pH 6.8 to 7.0. The pol- 
ished surface was held, with moderate pressure, against a rotating 
velveteen lap, continuously wetted, for 2 to 3 seconds. 

3. A single integration, each consisting of 2 to 6 traverses, sometimes 
more, depending upon coarseness of clinker structure. 

Kach specimen was mounted in bakelite, in the form of a circular disk, 
1 in. in diameter. Details of preparation are given in an appendix. 


Accuracy of measurement 


It would be gratifying to have available a known or determinable 
absolute value for each constituent, against which the measured value 
could be checked. This exists only for free CaO, which is chemically 
determinable by the Emley method. Comparisons between measured 
and chemically determined free CaO will be presented in later para- 
graphs; correlation is favorable, though the measured values tend to be 
somewhat the higher of the two. It once was thought that glass as 
determined by heat of solution might serve as an absolute check, but it 
was found, as has been shown, that precision of these values is question- 
able. 

In the absence of absolute values, reproducibility may afford a check 
on accuracy with respect to measurements, though not with respect to 
identification. Bases for identification have been discussed in earlier 
paragraphs. Accuracy in measurement appears to depend upon (1) 
mechanical precision of the instrument, (2) nature and preparation of the 
specimen, and (3) perception and skill of the operator. 

Table 4-1 is presented to illustrate the degree of reproducibility ob- 
tained, after thorough study of these factors in the present work. Through 
much of the work there were two operators and two essentially identical 
sets of equipment. In the table the operators are designated “A’’ and 
“B,”’ and the microscopes ‘x’? and “y.” All micrometers of the in- 
tegrating stages did not work with equal smoothness. To test the possible 
influence of this variability, the traverses sometimes were repeated with 
the micrometers utilized in opposite sequence. Also there was an occa- 
sional interchange between operators and instruments. 








*See p. 586 and Table 4-2, p, 892, 
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TABLE 4-1—CHECKS ON ACCURACY OF MEASUREMENTS 
1. Clinker 16-484 (—10 sieve size). 





each end. 
Operator 

Starting end Outer 
APOE eee 59.0 
CS. . 14 5 
iS See an : 6.4 
eee res. ou 13.1 
|. eRe 6.9 
Total. . 99.9 


Operator, instrument 


Starting end Outer 

CS 

CS 

C;3A 
C,AF 1.7 
MgO 1.1 
Glass 9.1 
All else 88.1 
Total 100.0 





Operator, instrument 


Glass 
Dark prismatic 
Free CaO 


Total 


3. Clinker 15-353 (—1 +2 sieve size.) 


Ax 


Inner 


SS OO bet es 
eSnmov 


Sf 


100.0 


Same traverse 


Ax Bx 
73.0 66.1 
6.! 5.6 
Be 14.0 
4.6 6.5 
2.5 1.4 
1.7 1.5 
3.6 1.2 
99.9 99.3 
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B 

Inner Outer 
59.7 59.3 
15.8 14 

5.3 1.9 
13.3 9.6 

5.9 [is 
100.0 99 9 


2. Clinker 42-426 (—4 + 6sievesize). Series of single traverses. 


Ay 

Outer Inner 

15.0 15.2 

74.8 74.2 

0.8 0.8 

* 1.9 

. 1.4 

6.6 6.5 

100.1 100.0 

Average of 

two different traverses 
Bx Ay By 
63.2 73.8 72.1 
8.0 5.1] 3.¢ 
10.0 7.0 12.6 
5 6.7 L.0 
2.4 a 
16 2.4 2.3 
6.6 3.2 3.3 
99 9 99 9 QQ 7 





May 1948 


Same traverse executed 4 times, 2 starting from 


Inner 


58.8 
15.1] 
6.9 
9.2 
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100.0 
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Single 
traverse 


99.7 
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Three very different types of clinkers are represented in the checks. 
The first two are relatively coarse-grained and simple in structure. The 
third is fine-grained and in part very poorly resolvable. The specimens 
were measured as embedded in a circular tablet of bakelite, 25 mm in 
diameter. On the polished face there was exposed from 12 to 18 mm of 
clinker; 7.e., this was the usual length of one traverse. These measure- 
ments were made in the earlier part of the work; attempts then were 
made to distinguish the separate constituents of what later was measured 
as “‘undifferentiated.”” These analyses may not check those for the same 
clinkers in Table 4-2; the latter are analyses of composite specimens, 
whereas the checks are made on individual clinker pieces. 

With clinker 16-484 agreement is seen to be close, regardless of operator, 
instrument, or order of micrometer use. The personal factor appears 
significant only in glass or C,AF percentages; difficulty in this distinetion 
has been described in earlier paragraphs. 

With clinker 42-426 there is equally good agreement, except for glass, 
regardless of operator, instrument, micrometer use, or traverse line. In 
this case it is seen that a single traverse might be sufficient to yield & 
representative analysis. 

With clinker 15-353 results are somewhat variable. Complexity of 
structure is such that the personal factor is more prominent. Values 
follow similar general trends, however, and an average of four traverses 
should afford a representative analysis. 

FINAL CLINKER MINERAL ANALYSES 
Table 4-2 

Table 4-2 in itself fulfills the principal objective of the microscopic 
work, in that it provides the mineral analyses of the Long-Time Study 
clinkers. Characteristic features and means of recognition of the phases 
listed in the table were described in the previous section. Three of these 
phases are of uncertain composition, but have been given practical 
identities. ‘‘Dark prismatic” apparently is closely related to C3,A in 
composition; it is measured separately because in etching it is distinetly 
more resistant to water. ‘“Glass’’ carries the customary significance of 
solidified melt. In these measurements it represents a portion of the 
bright interstitial material, but sharp distinction from C,yAF was not 
achieved. ‘‘Undifferentiated’’ is an intermixture of bright and dark 
interstitial material; it is too fine-grained for accurate recognition or 
separate measurement of its constituents. The other six phases are 
commonly known and need no special word here. 


Measured vs. potential compositions 


Table 4-3 gives potential compound compositions, calculated from 


chemical analyses of the same clinkers.* Degree of concordance be- 


*See Table 3-1 of Chapter 3. ACI Jovrnat, April 1948, p. 758. 
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TABLE 4-2—MICROSCOPIC COMPOSITION OF K-2 CLINKERS 


























Clinker | C3S | CxS | C:A |C.AF | Dark | Free | Mgo | Undiffer- 
No. | | prismat ic| Glass | CaO entiated 
Type I 
it —- | 57.7 | 12.8] 3.1| 2.8] 2.3 5.8 | 0.8 | 4.0 10.7 
12 | 48.6 | 22.8] 5.6| 3.7| 3.1 16 | 0.3 | 2.6 11.7 
13 | 57.8/19.6} 16] 2.2| 1.9 $2 i 1.2.1 6.5 7.0 
144 §=| §2.9| 24.3] 3.3| 80] 1.0 04 | 0.8 | 2.5 6.8 
1 |65.1| 62] 86/| 5.0] 1.2 0.3 | 0.7 | 0.7 12.2 
16 «=| 61.4/14.9/] 44] 92) 0.4 15 | 09 | 1.8 5.5 
7 | 51.3 / 22.6) 42) 48| 27 14 | 0.7 | 0.8 11.5 
18 «| 60.3/16.9] 38) 39] 25 | 16 | 08 | 09 9.3 
Type II 
21 | 42.4 | 37.1 | 20/701 041] 1.7 | 1.4 | 1.4 6.8 
22 | 45.6|30.0/ 2.2) 82) 06 | O08 | 0.2 | 3.0 9.4 
23 «=| 55.1/22.4/ 1.2] 62] 15 | 2.0 | 0.4 | 0.4 10.8 
2 8=6| 52.7| 20.4] 29/178) 08 | 00 | 08 | 3.2 1.4 
25 | 42.2 | 36.8 | 1.5 /146/ 03 | 02 | 02 | 19 2.3 
Type II 
31 | 62.1| 7.1| 3.2| 1.9] 4.4 3.1 | 3.2 | 3.2 11.8 
33 | 70.2} 4.2/ 7.2/ 4.3] 2.8 0.0 | 2.2 | 0.7 8.4 
3 08=s || 70.1| 3.8] 4.2| 7.4] 0.7 0.0 | 3.2 | 1.9 8.7 
Type IV 
41 |26.5/51.7| 1.5|15.9| 0.4 3.0 | 0.0 | 2.7 1.3 
42 | 30.2 | 54.2| 0.9/| 2.5/ 0.0 3.1 | 0.4 | 0.9 7.8 
43 | 28.1 | 48.0) 2.8 | 11.7 1.6 58.1: #7 1.1 4.2 
438A | 25.1 | 58.4] 1.0 | 54| 0.0 25 | 0.8 | 0.8 6.0 
a? So 4 Le . — - 
Type V 
51 | 39.6 144.5 | 1.0 | 6.3 | 0.0 ei 1 -2e 4 2a 4.1 





tween measured and potential compositions may be determined con- 
veniently by plotting ratios of corresponding values in Tables 4-2 and 
4-3, complete agreement then being unity. Ratios of measured to po- 
tential values are plotted in Fig. 1 for C3S, CS, and C;A plus dark 
prismatic. The clinkers are grouped first by type, in the order III, I, 
II, IV, and V, then numerically within each type. 

As might be expected, there is considerable variation from one clinker 
to the next for each substance measured, but certain general trends are 
observable. These trends are brought out more clearly by plotting ratios 
averaged for each type, as has been done in the small insert at the bottom 
of the chart. C;S tends to follow the unity line or slightly above it. 
C.S and C;A ratios mostly are much less than unity, though varying in 
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TABLE 4-3—POTENTIAL COMPOSITION OF K-2 CLINKERS* 
(No lime allotted to SO;) 





Clinker CS | CS | CsA |CyAF| Free| MgO) Na.O | KO | SOs | Ignition 
No. CaO | loss 
Type I 
1] 55.1 | 19.4 | 12.6 | 7.3 | 0.0] 3.7| 0.2|] 0.5] 0.4 0.4 
12 47.4 | 27.2 | 13.4] 7.1| 0.0/] 3.2] 03] 0.4] 0.2 0.3 
13 53.1 | 25.1 | 9.9] 6.7| 1.6] 1.3] 0.0] 0.2] 0.0] 1.7 
14 47.1/29.9| 8.1] 9.2] 0.3} 2.7] 00] 1.4] 0.4] 0.6 
15 70.0 | 8.0 | 12.6) 76) 02) 09) 0.1) 03) 01] 0.3 
16 57.3 | 19.8| 80/106] 0.5] 2.1] 0.2) 05] 0.5] 0.3 
17 56.1 | 21.4/10.6/ 9.5 | 0.0) 1.1] 0.1] 05] 02) 03 
18 48.9 | 26.3|14.0| 66] 00] 23|) 01) 01] 0.4 0.4 

{ i ' —_ ——__- —— 
Type I 
21 45.5 | 35.3] 6.7| 9.8] 0.1 | 1.3] 0.2] 0.4] 0.2] 0.4 
22 42.6 | 33.8 | 7.8/|11.5| 0.0} 3.3| 0.2] 0.4] 0.1 0.3 
23 56.3 | 20.6 | 4.0) 16.8) 0.1] 09! 06); 0.1) 0.2 0.2 
24 47.1 | 25.7 | 55.8 | 14.7| 0.1] 3.1] 0.1] 1.4] 0.5 1.3 
25 40.1 | 35.6 | 5.4/14.4] 0.0] 2.3] 0.2] 0.6) 0.7 0.3 
Type III 
31 61.5 8§/11.8] 6.4] 1.3] 3.5] 0.3] 0.8] 0.1 0.4 
33 63.5 | 12.4/]11.2! 7.9] 1.8] 1.5] 0.2| 0.5] 0.3 0.6 
34 68.4 | 9.7/ 6.2/10.1| 2.0!/ 2.6| 03] 03)| 0.2 0.4 
Type IV 
41 24.6 | 49.3 | 4.8/15.2|; 0.0] 3.1] 0.1 1.3] 0.5 1.0 
42 27.8 | 56.6 | 4.1] 8.5| 0.0] 1.9] 0.2] 0.3] 0.2 0.3 
43 27.6 | 48.1 | 6.2} 14.0| 0.1] 1.6] 1.0] 0.1]| 0.7 0.3 
43A 29.4 152.7] 5.1| 9.6/| 0.4] 1.3] 0.3] 0.0] 0.6 0.6 
Type V 
51 46.7 | 36.5) 4.0| 98] 0.1] 1.8 | 0.1 | 0.3} 0.2] 0.5 
| | | 





*Calculated from chemical compositions given in Table 3-1. 


opposing directions. The opposing trends probably illustrate a limited 
solid solution of Al,O3, along with Na.0, in C2S, existence of which has 
since been shown’. This is an instance of incorrect or incomplete mapp- 
ing of phase equilibrium relations. Disproportionately low C.S ratios 
in the higher lime regions probably reflect inaccuracy in measurement of 
small quantities well distributed in minute particles. Abrupt divergences 
for Type V should not be considered significant as to type, since only one 
cement is represented. 

Ratios of measured to potential C,AF are plotted in Fig. 2. In this 
chart the clinkers are arranged in order of decreasing ratios. For clinker 
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25 the ratio is unity. For 24 and 41 the ratios are greater than unity. 
For all others they are variously less than unity. 

In Fig. 2 are shown also chemically determined alkalies and measured 
glass and undifferentiated for the same clinkers. These cannot be ex- 
pressed as ratios, since they have no counterpart in potential composi- 
tions. Scale for the latter two is from 0 to 12 percent; for alkalies it is 
from 0 to 1.4 percent. 

As in Fig. 1, individual values are variable, but certain general trends 
are observable. Maximum or minimum values occur at or near opposite 
ends of each graph. It is permissible, therefore, to generalize each 
graph as the hypotenuse of a right triangle, with base through the mini- 
mum value and area equal to that under the graph from the same base. 

Generalizations thus emphasized are as follows: alkalies decrease 
considerably, undifferentiated increases considerably, and glass increases 
slightly, with decrease in ratio of measured to potential CsAF. The 
significance of decrease in alkalies with decrease in ratio of measured to 
potential C,AF is not clear. Decrease in alkalies with increase in undiff- 
erentiated probably illustrates a fluxing action of the alkalies in burning 
the clinker. Where alkalies are higher the clinker pattern is much 
simpler and more clearly resolvable. Decrease in the ratio of measured 
to potential C,AF with increase in clinker glass is to be expected. Since 
increase in observed glass, however, is almost negligible, the lost C,AF 
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probably is to be found in the complex interstitial material measured as 
“undifferentiated.” 


Heat of hydration comparisons 

Before completion of the microscopic analyses, heats of hydration 
of the cements had become available for ages of 14 hour, 3 days, and 3 
months. These are plotted in Fig. 3. Six substance values are plotted 
in the comparison. Graphs of C3;A, C3S and measured free CaO are 
inked in more heavily to afford easier perception. The other three sub- 
stance values are potential C;A, measured C;A plus dark prismatic, 
and free CaO as determined chemically. 

The cements are arranged in order of decreasing measured (3A in 
view of known prominent heat effects of this substance. Three scales 
are shown at the left. The upper scale, for the aluminous phases, is in 
percent. The lower two scales, covering ranges of low and high values, 
indicate either percent or calories per gram, depending upon graph 
observed. 

There is a general downward trend for all heat of hydration curves 
with decreasing measured C;A. However, the graphs show numerous 
peaks, and the other substances were plotted to assist in explaining 
the peaks. One of the most interesting is free CaO. There is observed 
a very fair correspondence between peaks in free CaO and 1% hour of 
heat of hydration, though less prominent toward the lower alumina end. 

Peaks in the line for free CaO can be seen also in heats of hydration 
at 72 hours and at 3 months. At 72 hours the parallelism is notable, 
but details of the 3-month graph parallel more closely the graph of 
measured C;S. This does not necessarily mean that the heat is derived 
from the lime itself, but from other substances associated with or in- 
fluenced by the lime. Peaks in free CaO show up in the graph of C,S 
itself, as is to be expected. There is a fair parallelism between free CaO 
as measured and as chemically determined. Measured values generally 
are somewhat the greater. 

For the two graphs of the other aluminous phases, 7.e., potential (3A 
and measured (C;A plus dark prismatic, the variations do not correspond 
well with any of the hydration curves. The observed general parallelism 
is to be expected, but reason for poor specific correlation is obscure. In 
working up the chart, values for several other substances were plotted, 
including MgO as measured. Consistent correlation did not appear with 
any of these. 


MINERAL COMPOSITION VS. CLINKER SIZE AND CLINKER LITER WEIGHT 
Earlier technique and glass content 

As previously noted, the present work began with study of whole 
clinker in specific sizes and liter weights. The technique adopted for this 
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sarlier work differed somewhat from that described in preceding sections 
for the final mineral analyses. A single etch, with water, was used, and 
measurements were made in a single integration. The differences were 
that (1) ragged dark interstitial was measured as “‘glass,”’ (2) fine-grained 
interstitial material was not then measured as “‘undifferentiated,” and (3) 
thus only eight phases were measured. 

Resolution and measurement of the fine-grained material was mostly 
by estimate. If there was evidence of finely crystalline C;A the area 
would be measured as 50-50 C;A and C,AF, or some other proportion 
estimated as most applicable. If crystalline C;A was not indicated, the 
area would be proportioned as C4AF and glass. These estimates, while 
admittedly subject to some inaccuracy both in identity and in quantity, 
represented an effort to fulfill in more detail a prime objective of the 
work, namely, a mineral analysis of the clinkers. 

Eventually, glass contents approximated from heat of solution measure- 
ments became available. These determinations had been made on the 
crushed portions of the same highest and lowest liter weight samples. 
While the heat of solution approximation is subject to several assump- 
tions, it was felt that some attempt should be made to check the validity 
of the microscopic technique then being used. Accordingly portions of 
the same crushed samples were prepared and measured microscopically 
for glass. 

Glass contents determined by each of the two methods are shown 
in Table 4-4. Correlation is observed to be poor. With clinkers 14 
and 34, and possibly 15, it appears to be fair, but with others divergences 
are wide. 

There are evidences that neither set of values can be considered strictly 
correct. The most disturbing feature is the occurrence of higher glass 
contents in the lower liter weight clinker, this being the case with 10 out 
of 21 clinkers as microscopically measured, and 5 as determined by heat of 
solution. Other observations also throw doubt on the heat of solution 
values. 

Regardless of the heat of solution results, it is obvious that the micro- 
scopical values cannot be correct. It was this observation, coupled with 
experiences of previous workers, that prompted the further study reported 
in par. 4, page 887. In that study it was found that the ragged dark 
interstitial material, which discolored with KOH and was recognized as 
glass, apparently upon annealing gave the same etch reaction as crys- 
talline C3;A. Moreover, investigations of phase equilibria in the 4- 
component system CaO0-C2S-C;A;-C,AF indicated that glass should be 
bright interstitial, rather than dark. It was for these reasons that the 
technique was modified for the final clinker analyses reported in Table 
4-2. Fine-grained interstitial material was measured as an “undifferen- 
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TABLE 4-4—EARLIER GLASS VALUES 





Glass 
Clinker Sample Liter weight 
Microscopic | Heat of solution 
11 317 1600 6.8 30.0 
1 379 1007 6.9 17.0 
12 468 1521 12.4 31.0 
431 1235 Pe 9.0 
13 348 1458 6.9 2.0 
431 1361 6.6 -1.0 
14 277 1613 10.4 13.0 
261 1153 6.5 7.0 
15 353 1526 4.4 4.0 
371 1350 5.2 2.0 
16 484 1530 2.0 6.0 
| 361 1017 2.5 2.0 
17 360 1496 6.3 9.0 
351 1237 10.6 1.0 
18 726 1538 17.0 
| 662 1225 11.6 16.0 
21 119 1447 9.6 -1.0 
156 1080 11.8 —-1.0 
22 383 1529 9.1 28.0 
326 1258 6.8 28.0 
23 351 1496 4.8 10.0 
333 1280 10.2 6.0 
24 301 1598 5.0 6.0 
357 1157 3.7 19.0 
25 525 1583 1.6 17.0 
612 1489 1.6 5.0 
31 354 1401 10.7 20.0 
302 1105 7.6 32.0 
33 256 1596 4.5 6.0 
| 264 1230 5.8 5.0 
34 303 1615 12.1 12.0 
329 1348 10.4 9.0 
41 346 1587 2.6 9.0 
422 1148 3.9 12.0 
42 494 1545 12.1 26.0 
426 1135 9.6 19.0 
43 651 1564 9.5 7.0 
622 1248 8.7 12.0 
43A 209 1263 3.4 7.0 
251 971 8.4 10.0 
51 304 1431 7.3 22.0 
1 11.0 


379 943 9. 
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tiated” unit. Ragged dark interstitial was measured as “dark prismatic.” 
Glass appeared and was measured as bright interstitial material, though 
it was impossible to distinguish sharply between such bright interstitial 
and C,AF. 

Other aspects of clinker liter weight 

Fine-grained interstitial material is especially troublesome in examina- 
tion of low liter weight clinker. With this observation, and insufficiency 
of glass determinations just noted, it is pointless to compare full micro- 
scopical analyses of the low and high liter weight clinkers. 

On the other hand, if degree of burning is a factor in cement perform- 
ance, it is desirable to learn how low and high liter weight clinker may 
differ mineralogically. Certain valid comparisons can be made. C2S 
and C;S occur in relatively large, easily visible, units. MgO and free 
CaO also usually are well defined. Measurements of these four sub- 
stances may be compared to show (1) relative conformity to potential 
compound composition, (2) degree of lime combination, and (3) variation 
in free MgO. 

This has been done in Tables 4-5 and 4-6. In Table 4-5 C;S is seen 
generally to be higher in high liter weight clinker; also, measured C;S 
is higher than potential, though in about the same ratio for both high and 
low liter weights. For MgO and free CaO, measured and chemical values 
agree rather well. MgO appears to be slightly higher, free CaO more 
distinctly so, in the low liter weight clinkers. 

Table 4-6 shows degree of lime combination in terms of ratios be- 
tween measured C;S and total possible C;S. The latter is obtained as 
for potential composition except that no allowance is made for free CaO 
It is seen that the ratios are quite variable, but that values appear 
slightly higher with high liter weight clinkers. Expressing results as 
averages, 1189 to 1521 represents a wide spread in liter weight; yet lime 
combination as shown by C;S ratios for low liter weight clinker averages 
0.91 as compared with 1.61 for the harder burned clinker. 

MgO, expressed as ratios between measured and chemically deter- 
mined, is shown in the same table. As has been shown before, the 
quantity of free MgO in any clinker depends partly upon cooling rate. 
This presumes, however, development of liquid and partial solution of 
MgO at high temperature. This condition may not obtain for low liter 
weight clinker, wherefore measured MgO may be expected to be somewhat 
lower in high liter weight clinker. MgO ratios are observed to be much 
more variable than C;S ratios. This reflects difficulties or inaccuracies 
in measurement of small percentages distributed in small grains. The 
ratios, however, appear generally to be slightly higher in the low liter 
weight clinker. Expressed as an average, the ratio is 0.91, as compared 














900 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1948 


TABLE 4-5—COMPARISON OF MEASURED AND POTENTIAL CONSTITUENTS 
IN HIGH AND LOW LITER WEIGHT CLINKERS 























| CS CS ae: 1. ae 
Sample Liter | MCN: CUE 2a — —|— - 
No. | wt. | Meas. | Pot. | Meas. | Pot. | Meas. | Chem.| Meas. | Chem. 
11 317] 1600| 60.5 | 55.0| 13.7| 200] o | 1 | 44 | 38 
379 | 1007 | 50.9 | 44.0 | 225 | 280 | 21 | 22 | 41 | 3.6 
12 468| 1521| 56.0 | 43.5 | 23.1 | 31.4|/ .2 | .1/| 18 | 3.2 
431 1236 | 48.8 | 41.6 | 27.7 | 33.4]. .2 |] 1 | 3.2 | 3.2 
| | 
13 348| 1458| 62.1 | 58.0 | 212 | 230| 9 4 6 1.4 
431 | 1361 | 54.6 | 53.4 | 26.8 | 26.4 | 2.7 1.5 4 1.3 
14 277] 1613| 50.9 | 43.7 | 26.2 | 33.8 0 0 s | 34 
261 | 1153 | 41.3 | 43.3 | 35.5 | 33.3 | 1.7 1.5 18 | 2.6 
15 353| 1526| 69.8 | 69.6] 5.6 | 7.2| 1.8 |] 1.8 3 8 
371 | 1350| 69.6 | 71.3 | 6.0] 66] 1.7 5 5 8 
| | 
16 484| 1530 | 53.9 | 54.0 | 22.6 | 22.8 0 4 gs | 2.1 
361 | 1017 | 38.4 | 34.5 | 35.2 | 35.7 | 3.0 | 6.2 B82 | 2.1 
j 
17 360| 1496 | 55.3 | 54.1 | 22.8 | 23.1 0 1 4 2 
351 | 1237| 49.6 | 49.4 | 27.0 | 25.8 6 1.5 bi 1.2 
8 726/ 1538; * | 48.0] * | 232/ * | oo | * | 23 
662 | 1225 | 50.1 | 48.5 | 26.2 | 27.8 S 8 15 | 2.2 
21. 119| 1447| 39.4 | 38.9 | 40.3 | 42.0 0 3 7 | 14 
156 | 1080} 40.0 | 40.4 | 38.5 | 39.4 6 | i ie 
22 383] 1529| 48.4 | 47.0 | 28.2 | 30.0 0 0} 8.1 | 3.2 
326 | 1258 | 44.7 | 44.0 | 32.5 | 33.0 4 S|} 32.) 3.2 
23 «351 | 1496 | 57.3 | 59.0 | 22.1 18.8 1 2 Ce ae 
333 | 1280} 50.3 | 50.0 | 27.0 | 27.2 0 { 3 ‘8 
°24 301/ 1598| 45.0 | 41.1 | 31.8 | 33.5 0 0 3.2 3.0 
357 | 1157 | 37.6 | 36.9 | 33.1 | 33.1 | 3.9 | 3.1 4.2 |] 3.1 
25 525! 1583 | 38.6 | 40.5 | 37.0 | 35.5 BY S21 a8 1 O4 
612} 1489 | 38.7 | 38.5 | 38.2 | 38.0 0 0 15 | 2.4 
31 354! 1401| 66.5 | 66.5 | 8.3 | 12.0) 2.2 tate 3.5 
302 | 1105 | 64.5 | 66.5 | 12.9 | 120| 28 woe kt ae a 
33 256 | 1596 | 67.1 | 68.0 | 9.0 | 9.5 | 4.5 1.6 1.5 1.7 
264 | 1230| 62.4 | 58.0 | 10.5 | 16.7 | 2.9 | 3. 1.4 1.6 
34 303)| 1615 | 68.8 | 69.0 6.6 | 10.5 | 1.8 8 9 2.6 
329 | 1348 | 65.5 | 64.5 | 9.7 | 10.5 | 3.3 34 | 2. 2.7 
41  346| 1587| 16.7 | 16.0 | 57.9 | 57.5 0 0 40 | 3.1 
422 | 1148) 26.0 | 26.5 | 50.0 | 47.5 0 0 3.5 «| «(8.4 
42 494] 1545| 20.3 | 23.0 | 63.1 | 61.0| .0 0 14 | 2.1 
426 | 1185 | 14.8 | 18.0 | 69.9 | 68.5 s| 9 | 2.8 1.6 
43 658| 1564 | -30.4 | 30.5 | 45.5 | 46.5 2 1 1.3 1.6 
622 | 1248/ 19.6 | 18.4 | 57.2 | 57.3 | 1 3 1.1 1.6 
43A 209 | 1263 | 26.4 | 26.5 | 55.8 | 58.0 0 2 1.1 1.4 
251) 971) 27.9 | 30.5 | 51.9 | 51.0 2 9 1.1 1.4 
51 304 1431 | 45.7 | 48.0 | 35.4 | 35.5 0 0 1.1 1.8 
379 | 943 | 48.0 | 50.5 | 34.6 | 32.5 2/12 1.2 1.8 


*No sample. 
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TABLE 4-6 
High liter weights Low liter weights 
CS MgO CS MgO 
Sample Liter meas. | meas. Sample Liter meas. | meas. 
No. wt. CS MgO No. wt. | CS MgO 
poss. * chem. poss. * chem. 
11 317 1600 1.09 1.16 11 379 1007 .96 1.14 
12 468 1521 1.28 .56 12 431 1235 1.16 1.00 
13 348 1458 1.05 43 13. 431 1361 92 31 
14 277 1613 1.14 30 | 14 261 1153 84 .69 
15 353 1526 91 38 15 371 1350 95 | .73 
16 484 1530 97 38 16 361 1017 64 1.52 
17 360 1496 1.01 33 17 351 1237 89 .58 
18 726 1538 tT 18 662 1225 97 .68 
21 119 1447 1.02 50 21 156 1080 86 31 
22 383 1529 1.07 .97 22 326 1258 1.02 .97 
23 351 1496 97 1.00 23 333 1280 97 38 
24 301 1598 1.10 1.07 24 357 1157 76 1.35 
25 525 1583 96 1.08 25 612 1489 1.01 .63 
31 354 1401 1.00 .89 31 302 1105 99 1.06 
33 256 1596 .90 88 33 264 1230 87 88 
34 303 | «1615 95 | .35 | 34 329 | 1348 84 89 
41 346 1587 85 1.29 | 41 422 1148 99 1.03 
42 494 1545 .88 67 42 426 1135 70 1.75 
43 658 1564 1.01 81 43 622 1248 1.02 .69 
43A 209 1263 1.01 .79 43A 251 971 .78 .79 
51 304 1431 96 61 51 379 943 87 67 
Av. 1521 1.01 72 1189 91 91 


*Calculated without allowing for free CaO. 
tNo sample. 


with 0.72 for the high liter weight clinker. The notable feature is that 
hard burning has reduced the ratio so little. 
Features related to clinker size 

As noted earlier in this report, an objective of the work was a study of 
features related to size. It was intended to make comparisons on the 
basis of measured mineral composition for each of the 6 clinker sizes, 
in the highest and lowest liter weight samples. 

Qualitatively, the outer surface of a piece of clinker is a surface of heat 
transfer. The general effect, therefore, is that the radius of a piece of 
clinker represents a line of continuously variable liter weight. Low liter 
weight features are very commonly observable within individual clink- 
ers, even though apparently well burned in the outer zones. ‘Dough 
balls” sometimes are observed, wherein practically unaffected raw mix 
may occur near the center. A thin section along the radius of one such 
clinker shows, in 14-in., conditions through the entire length of the kiln; 
z.e. one end shows practically raw mix while the other is well-burned 
clinker of kiln discharge. 
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Wet and dry plant clinker appear somewhat differently. Wet process 
clinker tends to pass through the burning zone in pebbles already rolled 
up and dried near the feed end of the kiln. Such clinker therefore 
provide the best illustration of varying radial liter weight. In dry plants 
the powdered-raw material begins to stick together as it enters the burn- 
ing zone, and the larger clinker usually represent aggregates of small 
clinker. This feature is most clearly shown in low liter weight clinker. 

Where radial variability is observed it means, of course, that the 
average degree of burning increases with decreasing clinker size. Glass 
content increases with smaller size, and free MgO and free CaO decrease. 
Aside from these observations, comparison of measured compositions 
is not fully required, since the differences are those already discussed as 
represented by degree of burning. Moreover, as has been explained 
previously, difficulties in recognition of glass, plus higher proportions 
of poorly resolvable fine interstitial in low liter weight clinker, reduces 
the strict significance of the measurements. Those in the present study 
were made by the earlier technique, in which ragged dark interstitial 
was considered to be glass. Inadequate in other ways also, the measure- 
ments were not repeated by the technique finally evolved, and there is 
no need for reporting them here in full. 


Clinker density vs. surface area 

Changes occurring in the raw material in passing through the cement 
kiln are in the direction of increasing density. Shrinkage comes partly 
from reduction of inter-particle void space, partly from elimination of 
CO, and partly through formation of new minerals with higher densities 
than those of the initial minerals. Residual void space is common in all 
clinker, and it is much more prominent in low liter weight clinker and 
makes the microscopical examination more difficult. 


In size the individual voids extend into the submicroscopic range. 
Such dimension is well below the average cement particle size. Therefore 
it may provide functional hydrating surface that, theoretically, is not 
revealed in cement surface areas determined by turbidimeter. 


To check this possibility, Professor Emmett, of Johns Hopkins Uni- 
versity, was asked to make two surface area determinations by nitrogen 
adsorption. Professor Emmett previously had made similar tests on a 
Bureau of Standards standard fineness cement sample, finding 10,000 sq 
em per g whereas the turbidimetric surface was 1800 sq cm per g’’. 
The samples sent to him were the high and the low liter weight samples of 
clinker 11, ground without gypsum to equivalent turbidimetric surface 
areas. 


Data relating to this test are shown in Table 4-7. 
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TABLE 4-7—LITER WEIGHT VS. SURFACE AREA 


Surface area in sq em per g. 


Sample Clinker 
No. liter Wagner Air Nitrogen 
weight turbidimeter | permeability adsorption 
(a) 11-307 1517 1755 2655 6140 
(b) 11-879 1007 1760 3185 7650 
Ratio b/a 0.66 1.003 1.20 1.25 
tatio of surface area by nitrogen 
adsorption over 
Sample Wagner Air 
No. turbidimeter permeability 
11-307 3.50 2.31 
11-379 4.35 2.40 


Surface area of the lower weight clinker was found by nitrogen ad- 
sorption to be about 20 percent higher than that for the higher liter 
weight clinker. The differential is in the expected direction, though it is 
less than was expected in view of the wide spread in liter weight between 
the two samples. On the other hand, the fact that surface areas by 
nitrogen adsorption are 3.50 to 4.35 times those by turbidimeter verifies 
the conclusion that there is in each cement an important intraparticle 
surface. 

Air permeability values were included for comparison. They are 
approximately 1.3 times those by turbidimeter. It is notable that by 
air permeability the low liter weight surface exceeds that of the high in 
very nearly the same proportion as by nitrogen adsorption (1.20 vs. 1.25). 
This indicates intraparticle porosity to be a contributor to air perme- 
ability surface, although total surface by air permeability still is less than 
half that found by nitrogen adsorption. 

Two other features of this submicroscopic porosity are of interest: 

1. Liquids necessary for polishing and etching processes tend to be 
absorbed by the porous body. The liquids in the present study 
included naphtha, alcohol, and water. The surface, for some 
time after polishing could not be dried by blotting. Spots of 
moisture appeared on the surface, under the microscope, obscur- 
ing other features. These droplets appeared to condense and to 
enlarge from unresolvable openings. 

2. This fine porosity apparently was not localized, 7.e., the droplets 
appeared over any substance or part of the surface. Many times 
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they were observed to grow upon, or out of, surfaces of C;S 
crystals, although this was practically restricted to low liter 
weight clinker. The conclusion from this is that C3S crystals 
do not necessarily crystallize out of solution, but may form by 
solid reaction at moderate temperatures. The apparent density 
of the crystal, therefore, may be considerably less than the 
density commonly assigned. This feature is much the same as 
with quick lime, which in calcination preserves the form and 
dimensions of the original calcium carbonate crystals, although 44 
percent of the weight has gone with the CO». 


SPECIFIC FEATURES OF SOME CLINKER MINERALS 


Portland cement clinker under the microscope reveals a wealth of 
detail otherwise unperceived. The principal feature sought in the Long- 
Time Study was a quantitative statement of mineral analysis. Other 
features, however, may influence hydration behavior, and should be 
described. Partial description necessarily was given in the introductory 
paragraphs. Further notes are presented in this separate section. 

1. Free CaO always tends to occur in sharply outlined, orbicular 
grains. Usually these are relatively large and in clusters, occurring 
interstitially. Infrequently they are small and sparse, within C;S 
crystals. The clusters are residual pieces of raw mix; hence, occurrence 
and distribution of free CaO in clinker is an indication of fineness of 
grinding and uniformity of preparation of the raw mix. Free CaO is 
easily perceivable on a freshly polished section, because of its softness 
(negative relief). In etching with water it is vigorously attacked; if 
blotted immediately it shows up in iridescent greens and blues, but other- 
wise it appears as a dull black. 

Combinable CaO in a cement mix is a minimum at high temperature 
equilibrium. This quantity is not precisely definable for commercial 
mixes, but total lime does not appear to have exceeded high-temperature 
saturation values in any Long-Time Study clinker, with the possible 
exception of clinkers 15 and 33. Lime existing as such in equilibrium at 
high temperature appears perfectly spherical; 7.e., circular in polished: 
section. Departure from this perfection of outline evidences non-attain- 
ment of high temperature equilibrium, as also does the presence of free 
CaO so long as total lime does not exceed that combinable at high tem- 
perature equilibrium. 

2. MgO apparently enters into no mineral combination with other 
oxides, within the range of clinker chemical compositions, other than a 
limited solubility in the liquid phase at high temperature. Free MgO in 
clinker therefore may represent that which either has crystallized from 
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the melt or is residual from the raw mix, never having gone into solu- 
tion. 

MgO is easily perceivable in polished sections because of its high 
relief. It occurs almost exclusively within interstitial material. Un- 
like lime, it tends to assume crystal boundaries, in the form of regular 
octahedra. Departure from perfection of octahedral form evidences non- 
attainment of high temperature equilibrium. This is a very common 
occurrence. Such “residual” crystals are skeletal or lacy, sometimes in 
large and very intricate designs, though repeatedly showing the 45- and 
90-deg. angles of isometric crystallization. 

3. C3S etches readily, without discoloration. In high-glass clinkers 
the crystals usually are sharply defined parallelograms with the acute 
corners truncated, frequently giving them a regular hexagonal outline. 
In other clinkers the units may be much larger and grossly irregular in 
form. The larger crystals sometimes show a slight differential etching, 
according to crystal direction. With high A/F ratios, especially when 
also high in alkalies, the crystal’s outlines may be more or less serrated, 
apparently by reaction with liquid on cooling. The reacted borders 
etch with boric acid (water solution, conveniently used saturated), which 
reveals the initial well-defined crystal, but not with water. This should 
indicate C2S, but the birefringence of C2S does not appear in the powder 
mounts. 

Characteristic inclusions assist in identification of C;S, especially 
when the C;S occurs in formless, isolated patches. The inclusions always 
tend to be circular (spherical). Most commonly they are C2S; occasion- 
ally they are bright interstitial, and infrequently they are free CaO. 
Such free limes are small, insignificant, and probably residual. Otherwise 
free lime may occur in relatively large aggregations, definitely residual, 
and in their near vicinity the water etch of C3S becomes faint; the lime 
reacts rapidly with the water, and (;S is relatively inert toward basic 
solutions. This interference can be reduced by using plenty of etch 
water and rotating the specimen as it is held against the lap. 

4. (2S is variable in its reactions, yet always easily perceived by its 
rounded outlines, occurrence usually in clusters, and rather strong 
birefringence. Classical description of the mineral shows it to exist in 
three forms, alpha, beta, and gamma, stable within different temperature 
ranges. Alpha and beta were described as orthorhombic and _ biaxial 
(+) with a wide optic angle. Later work® indicates alpha C.S to be 
hexagonal, therefore uniaxial. Properties usually exhibited by C2S in 
thin sections or powder mounts of clinker do not clearly distinguish 
whether it is in the alpha or beta form, because of close similarity in 
refractive index and birefringence. It long has been considered to be beta 
C.S in commercial ciinker, because of high temperatures required to 
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produce the alpha form and very rapid cooling required to prevent re- 
version to beta on the return. 

Interference figures on C.S in commercial clinker are easily obtainable. 
Throughout the Long-Time Study clinkers, and in all past experience of 
the writer, the figures without exception have been sensibly uniaxial (+). 
This means that these rounded grains cannot be pure beta C.S. 
iB Rarely do these rounded grains etch uniformly. Usually the grains 
are striated in two or three directions; alternate striae are etched and un- 
affected. Etched material is cut out about the same as C,S. This is 
too deep to be caused by difference in crystallographic direction, 7.e., 
polysynthetic twinning. Furthermore, the grains always extinguish as 
single units, showing that the striations are not twinning. 

In some clinkers, as in Cement 43A, the entire grain is etched. In 
others, as in Cement 13, the principal portion of the grain is unaffected, 
the etched portions being only occasional thin lines. In the great ma- 
jority of clinkers the response is variably intermediate between these 
two extremes. 

The writer’s conclusion is that the resistant portions are substantially 
pure C.,S, probably beta. Mineral identity of the etched material is not 
known. There is a possibility that it may be Co;KSj2, although this com- 
pound was not conclusively identifiable. Possibly the anomaly repre- 
sents solid solution between C,S and aluminates and ferrites®. This is 
supported by the inverse relation between C.S and C;A shown in Fig. 1. 
Moreover, petal-like ‘“‘overgrowths’’® appear to result from directional 
ex-solution of C,AF, within the rounded grain. 

Whatever the nature of the anomaly, it was found impossible to 
measure the etched and unetched portions separately. Measurements 
of C28 as reported in the table do not distinguish these non-uniformities. 

Gamma C,S is very distinctive in its properties. It was not observed 
in any of the Long-Time clinkers, nor has it been found in any commercial 
clinker within the writer’s experience. 

5. Aphthitalite, (Na,K)»SO,. This mineral does not appear in the 
table, but nevertheless demands some discussion. Many clinkers, 
examined in transmitted light, reveal small but more or less significant 
amounts of a clear and colorless mineral of low birefringence and low 
refractive index. It is seen best in thin sections mounted in Hyrax 
resin (R.I. 1.71), as shown in Fig. 4, No. 3 of clinker for cement 11. The 
mineral is uniaxial (+), has a refractive index of approximately 1.50, 
and has been identified by the writer as aphthitalite. 

Despite a great deal of time and effort no way was found to make this 
low index mineral visible in polished sections. Aphthitalite should 
appear on relief-polished sections because of its softness, and it should 
appear after water etching because of solubility in water, but the actual 
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low-index mineral answers to neither treatment. As seen in transmitted 
light the larger fragments of this mineral have quite distinctive, irregular, 
imposed outlines, by which it should be easily recognizable in the polished 
surface. 

6. C;A3. The literature indicates that this mineral may occur in 
under-burned clinkers or with “independent crystallization” of clinker 
liquid'®, C;A,; was not certainly identified in any Long-Time Study 
clinker. 

In this connection, however, another feature of clinker microscopy 
should be described. With transmitted light, the interstitial material 
of low liter weight clinker often appears black and impenetrable. At 
high magnification this was found to be a very fine intergrowth of two 
substances. One of these appears to have the color and birefringence of 
(,AF. The other is a clear and colorless substance of very low refractive 
index; the index is difficult to determine with precision, but it generally 
appears to be considerably lower than 1.60, that of C;A3. 

The interesting feature is that this fine complexity is not revealed in 
polished section. This suggests that the low index substance may have a 
bright reflectivity, similar to C,sAF. Lacking any other distinguishing 
feature, the substance would be measured as C,AF. This may account, 
in part at least, for anomalies in the ratio of measured to potential C,AF, 
noted in earlier paragraphs. 

7. C4AF and glass. A few notes should be given here beyond those 
already presented. The A/F ratio of the eutectic composition is 1.38 in 
the 4-component system CaO0-C,S-C;A;-C,AF'®. On heating a mixture 
of the above components, Al,O; and FeO; dissolve together at first in 
this ratio. With further heating, the liquid becomes richer either in 
Al,O; or in Fe2O;, depending upon whether the A/F ratio of the mix is 
greater or lesser than 1.38. The brown color of the liquid, caused by 
dissolved Fe2O0;, therefore will become darker, in one direction, up to a 
maximum with pure C,AF, with A/F ratio of 0.64, or, in the other direc- 
tion, it will diminish by dilution with colorless Al,O;. As previously 
remarked, the bright reflectivity of C,AF probably is traceable to its 
FeO; content and dark color. Clinker glass for the same reason should 
be bright; with higher FeO; contents it has been observed to be so*. 
The point is that with A/F ratios greater than 1.38, which is the case 
for most commercial clinkers, the reflectivity of glass may diminish ma- 
terially, but it always must be bright as compared with neighboring 
constituents. 

In the present work no means of sharp distinction between glass and 
C,AF was found. Within relatively broad limits, diminished brightness 
was used. Parallel observations on powder mounts in transmitted light 
were of considerable assistance. On polished sections a simplicity or 
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perfection in general pattern is a good indication of glass, but this tends 
to be unreliable with decreasing Al,03. 


Resolution of bright interstitial into glass and C,AF in the present 
work is believed to have been fair in the final analyses, but the per- 
centages reported for glass should be accorded some leeway in interpreta- 
tion. The fact that none of the reported glass measurements are high is 
attributable not so much to difficulty in recognition of glass as it is to 
dilution with low liter weight clinker. Aside from the influence of cooling 
rates, here not considered, glass content always tended to be higher in 
high liter weight clinker, but the cement is a mixture of all liter weights. 


8. Metallic iron. Mill scale or pyrite cinder is used in some plants as a 
part of the raw mix. The present study has shown that such reduced or 
native iron does not readily oxidize and enter into combination in the 
kiln, but remains as such in the clinker. A flake of brightly reflecting 
iron is shown in Fig. 18. This was identifiable here mostly from its ex- 
ternal form; it is generally difficult to distinguish in polished section from 
C,AF, which is almost equally bright. 


9. Rectangular C;A and dark prismatic. It was necessary to discuss 
rather fully these two entities in earlier paragraphs. It will be recalled 
that dark interstitial material often occurred in ragged, poorly bounded, 
“amorphous” patches*, and that these areas discolored with KOH and 
were considered to be glass. In the final analyses of the present study 
they were measured as dark prismatic, regardless of form. Accumu- 
lated evidence underlying this decision is as follows: (a) complete 
similarity in etch reaction to water; (b) reflectivity observations indicate 
that it cannot be glass, alongside of brighter interstitial material, except 
for A/F ratios less than 1.38; (c) experiment in the present study showed 
that whether rectangular C;A or dark prismatic appeared in rapidly 
cooled charges depended upon the temperature from which they were 
quenched; (d) prismatic forms of dark interstitial cannot always be 
measured as “dark prismatic,” for they sometimes show the etch- 
reaction of rectangular C;A, as commonly occurred in Clinker 33 and one 
or two others; (e) even though neither “dark prismatic” nor the ragged 
dark interstitial areas may be mineralogically identifiable, it is per- 
missible to measure both under the same designation if they yield the same 
etch-reaction, for a similarity in hydration behavior in cement is there- 
fore to be expected; (f) on the same basis both “dark prismatic”’ and the 
ragged dark interstitial areas should be distinguished from rectangular 
C;A, regardless of external form, for the eteh behavior of rectangular 


C;A is decidedly different. 


Appreciation is expressed for the assistance of H. O. Nickelsen, who 
made many of the microscopic analyses. 
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Fig. 4. 
A. Specular polish vs. relief polish. 
No. 1. Specular. Clinker 11-317H. Mag. 480. 
No. 2. Relief Clinker 11-317H. Mag. 380. 
Black areas are void spaces. White patches are C;AF, except one poorly defined 
just below center (No. 1), which results from internal reflection. Note: 
(a) Directional feature of voids. This conforms to the long axis of the C,S 
crystals, within which the voids occur, as may be shown by etching. 
(b) Simplification, or smoothing out of the surface, by polishing in relief. 
The two photos are not of the same field, but successive different polishes on same 
mount. 
(c) MgO shown by relief polish, not visible on specular polish. Little equal- 
arm cross, near top, right, is MgO. Quite a bit more, less symmetrical, is scat- 
tered well over the field. 


B. Aphthitalite. (Na,K).SO,. 
No. 3. Clinker 11-317H. Thin section. Mag. 320. 

Section is mounted in Hyrax (R.I. 1.71). C3S recognizable by its angular outlines. 
Three clear spots just below center are clinker voids. Central elongated interstitial area, 
with heavy dark borders, answers to aphthitalite. Stands out boldly because of its much 
lower refractive index. Other accumulations may be seen, similarly outlined. No way 
was found to make this material show up on a polished surface. 


C. Petal-like CoS (‘“Overgrowths’’). 
No. 4. Clinker 43A-209H. Polished Surface. Mag. 390. 

Black areas, voids. Bright patches, C,AF. Rectangular gray, near top, CyS. Rest of 
gray, CXS. Tendency apparently is to form blocky orthorhombic prisms. In section 
those that happen to be cut longitudinally show up with “fingers” or ‘‘petals.”” With 
those cut transversely the interstitial stringers of C,AF show as collections of bright 
specks, roughly in outer areas. ; 

This “C,S” etches with water about as easily as CS. 


Small cube of MgO appears at far lower left. 
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Fig. 5. 

D. Dark prismatic. 
No. 5. Clinker 23-351H. Etched with H.0. Mag. 480. 
No. 6. Clinker 15. Polished surface. Mag. 390. 
No. 7. Lab. clinker 15699. Polished surface. Mag. 390. 
No. 8. Lab. clinker 15699. Polished surface. Mag. 390. 

In No. 6, the prismatic form is clearly shown, although this clinker is very low in 
alkalies. The four rounded patches, just at upper end of prisms, black or black bordered, 
are free limes. 

No. 7 and 8 represent a high-alkali clinker. In No. 7 note that the little interstitial 
material between the blades is partly light partly dark—but very little either way. 
Light here probably is glass. Irregular bright patches, upper end of blades, is MgO. 
Irregular dark patch below blades, and just left of center, is free CaO, tarnished by 
exposure to air. In No. 8, rounded C.S and angular CS are observed, along with dark 
prismatic and a little bright interstitial, probably glass. Photo taken primarily to show 
shrinkage cracking characteristic of quick cooling. 

C3S in No. 5 shows with a scratched gray surface, interrupted here and there by little 
circles of residual C,S. Two round grains of C.S, unaffected by HO, occur just below 
the large black void, upper left. Photo was taken specifically to show dark borders on 
prismatic form at center. Dark borders actually are blue and deeply etched; this 
shows the transformation of dark prismatic to rectangular C;A as partially effected. 
Contiguous bright patches are C,AF. Clinker is well crystallized. In laboratory 
experiments, the above transformation can be effected completely. 
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Fig. 6. 


E. Irregular dark prismatic. 
No. 9. Clinker 12-468H(-10). Polished surface. Mag. 390. 
No. 10. Clinker 12-468H(-10). Polished surface. Mag. 390. 
No. 11. Clinker 12-468H(-10). Polished surface. Mag. 390. 

Rounded grains of C2S, angular crystals of C3S, are discernible in all three photos. 
In 9 and 10 has light and dark portions. Bright probably is glass. Dark faintly dis- 
colors with water, same as prismatic forms, whence these irregular areas are measured 
as “dark prismatic.” In No. 11, the bright and dark more finely intermixed, but re- 
actions are the same. Large angular body just right of center is MgO. Note 90- and 45- 
deg. angles. Other bits of MgO above and below. Another sma!! group just left ot 
center in No. 9. 


F. Dark prismatic and other unique features. 


No. 12. Commercial product, Clinker 15699. Etched with boric acid 
saturated water solution. Mag. 390. 

(a) Large crystals, very large one at top, smoothly etched, are CyS. At 
center, prismatic forms show clearly. Note that they terminate at left end against 
cusps in border of CyS. The serrated border of the C;S shows reaction with 
the liquid on the cooling; in the cusps the C;S was protected by early formation 
of the dark prismatic. Interstitial is a mottled bright and gray. Bright prob- 
ably is glass. 

(b) Below the center, and about at the center of each half, are two rounded 
areas variously crossed by straight lines. These would be measured entirely as 
CS, yet it is obvious that they cannot be uniformly”"C,S. The whole grain 
extinguishes as a unit and is optically uniaxial (+). The crystallites (dark lines) 
have a birefringence of their own, showing parallel extination. The evidence 
suggests that the crystallites are relatively pure C.S, and that the bulk of the 
grain is something else. From the fact that it is uniaxial (+), refractive index 
about 1.69, and occurs in a high alkali clinker, it appears to be C.;AK Sy. 

This structure is very common for C.S in commercial clinker, but this is the only 
clinker in the writer’s experience wherein the two phases were segregated sufficiently for 
separate measurement. On this clinker the bright portion measured 2.6 percent (ot 
whole clinker composition). K,O in the clinker was .13, which calculates to 2.9 percent 
C2sKS\2. Agreement may be confirmatory or it may be purely fortuitous. The con- 
clusion could not be checked on any other clinker. 

Another feature of interest is the dark, lobate area with rounded outlines beginning 
immediately at the right end of the central dark prismatic. This area is crossed by a 
large rectangular net of bright material and by sets of fine dark lines. Grossly, the 
whole area is C,S. The bright square net is MgO, coterminous with the C.S at its external 
boundaries. 

The question is whether this MgO is residual or a crystallization through cooling of 
the melt. Laboratory reburns of this clinker destroyed the structure. Crystallization 
of other preparations under controlled conditions never resulted in this type of structure. 
It is indicated to be residual MgO, therefore, never having gone into solution. From its 
association with C,S, the whole area is indicated to have been a fragment of dolomite 
in the raw mix. A similar but more complex area, unetched, is shown in No. 23, Fig. 9. 
The structure evidently indicates that high temperature equilibrium has not been fully 
attained. 
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Fig. 7. 


G. Free CaO. 
No. 13. Clinker 15-353H. Polished surface. Mag. 570. 
No. 14. Clinker 33-256H. Polished surface. Mag. 380. 

In No. 14 a cluster of about 20 orbicular light grains covers the whole center of the 
field. The entire area is residual from a piece of limestone in the raw mix. Perfection of 
the rounded outlines indicate a near attainment of equilibrium with surroundings. Note 
interstitial dark prismatic and bright C,AF. 

In No. 13 the whole gray field is C;S, with numerous bright flecks of C,AF. At the 
center there is a collection of variously rounded dark grains, and another large one and 
two small ones at lower left. These are free CaO, tarnished dark by exposure of the 
polished surface to atmospheric humidity. Here the orbicular form is less perfect, in- 
dicating high temperature equilibrium not fully attained. 


H. Reducing action of metallic iron. 


No. 15. Clinker 22-383H(-10) \ Etched with saturated boric acid, then water. 
No. 16. Clinker 22-383H(-10) { Mag. 480. 


In No. 15 there is a bright rectangle, about 14 in. x 2 in. along the left edge of the field. 
The upper half extends into a white void, outlined by a heavy black border. Elsewhere 
are seen angular crystals of C,S, rounded grains of C2S variously crossed by dark straight 
lines. 

Raw mix for this clinker contained pyrite cinder as one component. From the shape 
of the bright rectangle shown here, its white metallic reflectivity, repeated occurrence 
in this clinker, and absence from other clinker not using pyrite cinder, it is concluded 
that the bright rectangle is metallic iron and that is residual from the pyrite cinder rather 
than a piece of trampiron. In its immediate vicinity the C;S is seen to be badly corroded. 

The alteration or corrosion is seen to better advantage in No. 16. Initial outlines of 3 
large C;S crystals are obvious, now with only remnants of C;S within each. The lacy 
altered material answers best to C.S, but the nature of the reaction and reaction products 
was not satisfactorily determinable. Perfection of crystal outlines in No. 15 and 
general simplicity of the interstitial material indicate the latter to be mostly glass. 

Two conclusions are illustrated by this structure. (1) Metallic iron does not readily 
take the place of FeO; in high temperature cement equilibria. (2) It is indicated that 
CS forms easily and promptly as elevated temperatures are reached. 
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Fig. 8. 


I. General pattern of high glass clinker. 
No. 17. Clinker 12-468H/(-10) | Etched with saturated boric acid, then 
No. 18. Clinker 12-468H(-10) | water. Mag. 480. 

Note in both figures the angular C;S crystals, rounded C.S with variously intersecting 
striations, and simple uniformity of the interstitial material which is substantially 100 
percent glass. The two figures are introduced to show the difference in brightness of a 
high C;A composition (No. 17) as compared with a low C;A composition (No. 18). 


J. General equilibrium crystallization pattern. 
No. 19 and 20. Clinker 15699, reground, reburned in laboratory furnace. 
Held at 1430 C for 20 minutes, slowly cooled to 1250 C. in 2'4 hours. Polished 
surface etched with saturated boric acid, then water. Mag. 380. 

Gray, lightly scratched areas are C;,S. Slightly lighter, rounded, dotted areas are 
CS. Bright patches with very heavy black borders are MgO; one of these shows at the 
center of No. 20, under the cross-hair and just touching the upper reference point. 
Another, a triangle with one concave side, a little to the left. At the apex of the latter 
there begins a little strip of bright without dark borders; this is C,AF, and a few othe: 
small patches are seen elsewhere. A long, dark band of rectangular C,;A begins im- 
mediately at the upper reference point and extends slightly downward to the edge ot 
the field. Other smaller patches also may be seen. In Kodachrome these would be a 
deep violet blue. 

Originally this was the same clinker as in No. 12. Note in No. 20 the different form 
of MgO and C,S. and the total absence of dark prismatic, and in No. 12 the total absence 
of rectangular C;A. 

No. 19 and 20 are different fields on the same specimen. No. 19 is the poorer photo- 
graph; it was included to show the gamma C2S, which appears as a large, striated grain 
in the lower left quadrant. Such coarse, regular striations are characteristic of the 
gamma form. 

Cloudy, poorly defined bright spots are internal reflections. 

Comparing the high glass and the fully.crystalline clinkers, patterns in both are fairly 
simple, more so with the high glass, as compared with patterns of underburned or rapidly 
cooled clinkers. 

From association with residual MgO it is concluded that the finely crystalline complex 
was formed on the heating side of the cycle. No means of sharp distinction, however 
was found between a fine-grained material of this origin and one of precipitation with 


rapid cooling. Undifferentiated as measured is intended to represent wholly crystalline 


material, but it is possible that some glass may be included. 
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Fig. 9. 


K. Various aspects of MgO. 
No. 21. Clinker 12-468H(—1+14). Mag. 390. 
No. 22. Clinker 12-468H(—10). Mag. 390. 
No. 23. Clinker 11-317H(—14+14). Mag. 480. 
No. 24. Clinker 22-383H(—10). Mag. 480x. 


Each of these figures shows a freshly polished, unetched surface. MgO stands out 
in plain relief, shown generally by a rather marked black border. In No. 21 the MgO 
is lacy and delicate, following along most of the interstitial areas. In No. 22 a large, 
solid chunk of MgO appears just to the left of center. Several smailer ones resembling 
molars are lined up just above center, to the right. Two patches of intricate pattern 
show up in the central area of No. 23; in these note repeated occurrence of 45- and 90- 
deg. angles, indicative of isometric crystallization. In No. 24, a collection of various 
fragile shapes appears along the left side, center, and another is just left of the cross- 
hair, below the lower reference point. 

Other features of MgO were seen in No. 2, 7, 9, 11 and 12. This is not to over-em- 
phasize MgO as such, but only to illustrate the variety of forms that are encountered in 
commercial clinker. The importance of MgO is in the fact that MgO is appreciably 
soluble in the melt, and delayed expansions attributable to MgO are correspondingly 
reduced. 

The question then is, what is the origin of the Mg0 as it actually occurs? Is it residual 
or ex-solution? The evidence is that the major portion of MgO as it appears in com- 
mercial clinkers is residual, and that the variety of form it exhibits is related principally 
to specific prior manner of minera] combination in the raw mix. The conclusion is that 
in these clinkers the MgO never has gone into solution; therefore quenching can have 
little effect in reducing the quantity present. What relation there might be, for a given 
total quantity of MgO, between the form of its occurrence and behavior in cement is not 
readily apparent. 


L. Undifferentiated material. 


In No. 24 the interstitial material is observed to be inhomogeneous. The complex 
is so fine grained that recognition and measurement of separate constituents is not at all 
secure. Gross measurements therefore are made. Particles through this mass are 
variously discolored blue by 10 percent KOH solution. In the earlier measurements the 
blue was identified as glass. Later, the blue, appearing after etching with water against 
a velveteen wheel, was found to be isometric C3;A and the associated bright interstitial 
almost certainly was crystalline C,AF. Therefore, such fine grained interstitial material 
later was measured grossly as microscopically undifferentiated. 
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APPENDIX 
Preparation and measurement of specimens 

1. Mounting. Clinkers were molded into bakelite tablets, 1 in. diameter, 4 in. thick. 
For high liter weight clinkers, bakelite powder was used, cured at 140 C. and 4000 
psi, the whole operation requiring about 10 minutes. Low liter weight clinkers, mostly 
too friable and weak to withstand the pressure, were embedded and cured in liquid 
bakelite, No. 0014, in 1-in. diameter cups prepared from powdered bakelite by means 
of the regular curing press and a special core. The liquid curing required about 30 
hours. In either case the finished tablets were of the same dimension. Clinkers down 
to 14.in. first were cut through the center, then mounted flat in the tablet, to save 
grinding time. Clinkers larger than 1 in. necessarily had to be broken. 

For each bakelite mount, a parallel powder mount was made by crushing a piece of 
clinker of approximately the same size from the same sample. These were prepared in 
each of three resins, Hyrax, Aroclor 4465 mixed with balsam, and Canada balsam, with 
refractive indices 1.71, 1.60 and 1.54 respectively. They were for use with transmitted 
light, to assist in mineral identification. A very few thin sections were made. 

2. Polishing. Grinding of the’ face of the tablet was carried successively through 
carborundum 100 and 500, American Optical emeries 303, 304 and 305, against plate 
glass, with painter’s naphtha. First step in polishing was surfacing on a fine canvas 
lap with AOC 305 in naphtha. Finish polishing was done with jeweler’s rouge in absolute 
alcohol on a lap covered with velveteen. 

This polishing technique was devised purposely to introduce relief. One reason was to 
take all possible advantage of differences in hardness for mineral identification. This 
was found to be the only way to make MgO, the hardest of all clinker minerals, readily 
perceivable. C,S, CS and C;A all exhibit the same hardness, thereby serving as an 
excellent datum plane. C,AF is slightly harder. CaO is considerably softer, showing 
up well in negative relief. 

Another reason for using soft laps was to reduce void space interruptions. All clinker 
is more or less finely porous. On a specular (plane) polished surface voids are numerous 
and tiring to the eye. With a cushioned lap the smaller voids tend to be polished out, 
thereby giving a more continuous surface? This may have the effect of slightly increas- 
ing the percentage of CS, for the voids tend to oceur more within C,S crystals. On the 
other hand, it obviates repeated instrument settings within a crystal and thereby 
reduces mechanical error. 

The polishing machine was a Wysor 3-spindle model. It was adjusted to rotate 
the laps about 500 rpm. 

3. Etch Treatment. (a) Application. The customary method is to dip the polished 
face into the etch reagent for a specified time, then blot, sometimes after rinsing. With 
metals the reaction products usually disappear in solution, leaving a clean “etched’’ 
surface. With cement clinker, the reaction products usually are insoluble, tending 
to remain as an obscuring film over the etched surface. Also the film tends to interfere 
with the reaction, so that it is difficult to obtain a uniform effect over the whole 1-inch 
surface. 

To avoid these difficulties, etching in the present study was effected by holding the 
polished surface against a rotating lap covered with velveteen, the latter kept saturated 
with fresh etch reagent falling on the lap, just in front of the specimen. Time required 
was greatly reduced, effects were uniform, and clean, sharply etched patterns were 
produced, the velvet nap removing the etch products. 

(b) Reagents. Survey of the literature, and trial of reagents, both new and previously 
suggested or used, showed as a general rule that acidic solutions attack the silicates in 
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clinker but not the aluminates, and that basic solutions attack the aluminates more or 
less strongly but are almost without effect on the silicates. This had resulted in the 
prior double-etch technique, first with water to bring out C;A, then with 1 percent HNO; 
in alcohol, to etch the silicates, followed by 10 percent KOH, to bring out the glass. First 
integration was after water, second integration was after KOH. 

It is obvious that a single etch would be preferable, if one could be found effective. 
The silicates (CyS and CS) are attacked about equally strongly by the nitric acid, and 
it frequently happened that distinction between them was obscure. Experimenting 
with the removal etch (velveteen lap) it was found that water alone easily distinguished 
between the silicates, readily etching CyS but being practically without effect on C.S 
(exceptions noted in text, p. 906). If the pH of the water was kept between 6.8 and 7.0, 
it was found also to bring out the aluminates. Neither water nor any other reagent had 
visible effect on C,AF or MgO, but these two are readily distinguishable on the basis of 
relief (hardness). 

The water etch, applied after a relief polish, distinctively revealed nine minerals; 
as described in the text. This technique was adopted for measurements of the Long- 
Time Study clinkers. The etch was effected by holding the polished surface against the 
rotating lap, with some pressure, for 2 or 3 seconds, then blotting immediately. It is 
described in more detail in the section under rectangular C;A and dark prismatic. 

4, Integration. The double-etch technique previously used fitted in with the Went- 
worth integrating stage, inasmuch as clinker has more than five minerals to be measured 
and the stage is fitted with only five micrometer heads. Of these, one was used to pass 
over ‘“‘waste,”’ leaving four for useful measurement. The complete analysis required 
two separate integrations on each specimen, then a matching of these to 100 percent. 

For the work on the clinkers from the Long-Time Study a special stage, with nine 
screws on a longer spindle, was made. In addition the traveling carriage was fitted with 
a regular mechanical stage, with graduated arms. The vertical arm was used for spacing 
traverses, usually three or four being required for each integration. The pinion on the 
horizontal arm was used to get over ‘“‘waste”’ areas, thus leaving all nine screws for useful 
measurement. 

Pitch of the screws was }4 mm, total spread of each screw was about 30 mm, each 
division on the sleeve indicated a displacement of five microns. 

The integration stage was attached to the stage of a petrographic microscope fitted 
with a vertical illuminator. Since the work required the highest convenient primary 
magnification, a 4-mm (48x) dry objective was used. A 20 Hyperplane eyepiece 
was used, for several reasons. There is some advantage in the extra magnification. 
The lens has a high eyepoint, which, with a clear flat field, is easier on the eye through 
protracted observation. The eyepiece was designed for photographic use, and it was 
convenient to have it in the instrument when occasion demanded. 
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Churches constructed in reinforced concrete 
Concrete and Constructional Engineering, V. 42, No. 11, Nov. 1947, pp. 332-337 
Reviewed by GLENN MuRpHY 

The material for this article is taken from “Fifty Modern Churches” published in 
London by the incorporated Church Building Society in 1947. Various methods of em- 
ploying reinforced concrete in the construction of church roofs are described and a 
number of photographs are included. Various systems of reinforced concrete roof con- 
struction are.described including vaults, flat slabs, beams and slabs, and the Diagrid 
flat slab. 


Exact method of analysing symmetrical parabolic arches—Il 
V. A. MorGAn, Concrete and Constructional Engineering, V. 42, No. 11, Nov. 1947, pp. 339-344 
Reviewed by GLENN MuRprY 
In this installment the author continues his analysis of arches by discussing the 
horizontal movement of supports and the effect of temperature upon fixed and two- 
hinged arches. He shows equations and curves for determining stiffness and carry-over 
factors. 


Paints for exterior masonry walls 
Ciara SENTEL, iis Materials and Structures Report BMS 110, 20pp., National Bureau of Standards, 
Washington, D. C., $0.15 AvuTHors’ ABSTRACT 
Four classes of masonry paints, cement-water, resin-emulsion, oil-base, and synthetic- 
rubber, and one whitewash were applied to test wall specimens of new and used common 
brick; cast concrete; stone-, cinder-, and lightweight-aggregate concrete block; and wood 
frame with cement-asbestos shingles to determine the durability of such paints on 
masonry surfaces. Specimens, exposed to atmospheric conditions for approximately 
3 years, were rated on weathering characteristics. Durability of the paints was deter- 
mined on the basis of type of paint used, type of surface coated, methods of application 
and curing, and conditions of casting and painting. 


Effect of batching errors on the uniformity of concrete 
A. R. Cotiins, Road Note, No. 3, 10pp., H. M. Stationery Office, London, 1947, 5d postpaid 
DEPARTMENT OF ScrenTiFic AND InpUsTRIAL Researcu (London) 
During recent years a good deal of consideration has been given, at the Road Re- 
search Laboratory and elsewhere, to the nature and causes of the variation in quality of 
concrete as produced in practice. This Note gives estimates of the effect on the concrete 
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strength of batching all the materials by weight, by a combination of weight and volume, 
and by volume. 

Estimates have been made of the errors introduced by the various methods of batch- 
ing; the effect of these errors on the water-cement ratio have been determined, and from 
this it has been possible to assess the effect on the quality of the resulting concrete. 


Field Practice 
Etwyn E. Seerye, Volume 3 of ‘‘Data Book for Civil Engineers,’ John Wiley and Sons, Inc., New York, 
N. Y., 1947, $4.50 Reviewed by Lewis H. Tursiui 

This is a data book for civil engineers. The first part devotes 189 pages to inspection; 
the second part contains 110 pages on surveying. Both parts are generously filled with an 
excellent selection of highly useful tables, charts, forms, diagrams, figures, formulae, 
examples, symbols and other valuable information under the various topics. Sections 
in the first part on inspection will be found on concrete, masonry, structural steel, weld- 
ing, bridges, painting, foundations on soil, pile driving, timber, ropes and cable strengths, 
knots, soils, aggregates, grading, bituminous paving, sanitary construction and pipe 
laying. In each of the construction items there are included check lists in full detail 
which should be of great assistance to construction inspectors in verifying the thorough- 
ness of their coverage of the operations indicated. The second part on surveying con- 
tains well-filled sections on construction stakeouts; circular, transition and vertical curves; 
earthwork computations; transit problems; allowable errors; instruments and their ad- 
justment; mapping, general tables and information; and other topics. 

Of most interest to concrete engineers are the portions on aggregate and concrete. 
In addition to the thorough check lists for inspectors on general concrete work and on 
paving, there are good data on mix and batch computations, including those involving 
air entrainment. There are also complete data on field sampling and testing, and some 
tables of data on reinforcing steel. Many inspectors and field engineers will find this 
book a valuable and helpful guide. 


Design of concrete mixes 
Road Note, No. 4, 10pp., H. M. Stationery Office, London, 1947, 5d postpaid 


JEPARTMENT OF SCIENTIFIC AND INDUSTRIAL Researcu (London) 

This paper makes practical use of information given in a previous report* on the effect 
of aggregate type and grading on the workability and strength of concrete. A method is 
described of determining what concrete mix proportions are required to produce, with 
given materials and under given conditions, a concrete of the designed minimum cube- 
strength. 

In the method described the only preliminary tests required are sieve grading tests 
on the coarse and fine aggregates. By using graphs and tables given in the Note the mix 
proportions and water-cement ratio are then calculated from a knowledge of (1) the 
grading of the aggregates, (2) the shape-characteristic of the coarse aggregate, (3) the 
type of portland cement to be used (whether ordinary or rapid-hardening) and (4) the 
conditions under’ which the conerete is to be placed, which determine the required 
workability of the mix. The relation between the minimum cube-strength and the 
average cube-strength of the concrete obviously depends on the “variability” of the 
mixed concrete, and this in turn depends upon the accuracy of the methods to be used 
on the job for proportioning the ingredients; this factor also is taken into account. 

The method has been evolved from a large number of tests carried out on concrete 
mixes over a period of years at the Road Research Laboratory, and it is hoped that it will 
enable engineers, without the necessity of undertaking elaborate trial mixes, to design 
their concrete mixes with greater precision than has been possible in the past. 


*Road Research Technical Paper No, 5—'*The Grading of Aggregates and Workability of Concrete,” 
H.M.8.0O. price 1/6, by post, 1/8. 
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Prestressed concrete bridges 
A. J. Harris, Concrete and Constructional Engineering, V. 42, No. 11, Nov. 1947, pp. 327-331 
Reviewed by GLENN MurpHuy 

The author describes a number of bridges in which prestressed concrete members 
have been used. He indicates the advantages of prestressed concrete, particularly the 
gain in strength made possible by including initial compressive stress in portions which 
are to be subjected to tension under live load thus making all of the concrete available 
for resisting live load. He also states that prestressing results in increased resistance 
to shearing forces. Prestressed, precast beams may be used for spans up to 30 ft and 
provide economical construction if a sufficient number of bridges is to be constructed 
to justify the installation of equipment required for precasting and prestressing. 

Slab bridges of prestressed type may be constructed as cast in place slabs or may be 
built up from precast blocks or from precast beams. Examples are given of these types 
of construction. The author indicates that single-span girders may be precast in lengths 
up to 170 ft. For greater spans, the girders are more advantageously constructed in 
short lengths and stressed longitudinally after assembly. Shear resistance is provided 
by stirrups and by bending up the prestressing cables at intervals along the beams. 
Long-span precast girders involve some erection problems although several solutions are 
possible including the use of a crane or lifting tackle or temporary Scaffolding. Pre- 
stressed members may also be employed in bridges of more than one span or in arch 
bridges. 


Effect of order of mixing on concrete strength 
W. Serkin, Commonwealth Engineer, (Australia) V. 35, No. 3, October 1, 1947 
HicHway Researcu ABSTRACTS 

Earlier investigations on concrete had shown that aggregates saturated prior to in- 
troducing them into the concrete mixer produced lower strength concrete than aggre- 
gates dry or just damp. This result occurred when proportion and total water content 
of the mixes was kept constant. This led to exploring the effect of the order in which 
concrete materials were introduced and mixed in the mixing process. 


TABLE 1 
Tensile Strength 
Group Method of Mixing 7 days 28 days 
A 1. Sand and coarse aggregate mixed dry. 
2. Cement added. 
3. Water added, . 541 598 
B 1. Sand and cement mixed first. 
2. Water added. 
3. Coarse aggregate added 631 664 
C 1. Cement and water mixed. 
2. Sand added. 
3. Coarse aggregate added. . 168 548 
D 1. Cement and water mixed. 
2. Coarse aggregate added. 
3. Sand added. 353 471 
| 1. Cement and water mixed. 
2. Coarse aggregate and sand mixed separately. 
3. (2) added to (1).. 391 432 
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The tests were directed to tensile strength of the concrete, which, in the manufacture 
of high pressure reinforced concrete pipes for water mains, is a critical factor. 


The order of mixing indicated by numbers 1, 2, 3, and the tensile strength at 7 days 
and 28 days are given in Table 1. It is clear that concrete strength is affected very 
materially by the order of addition of the ingredients. 


Best results occur when fines and cement are mixed dry, then water added, and finally 
the coarse aggregate. Strength was highest and absorption notably lower in the case of 
this group. 

Lowest strengths are obtained when cement and water are mixed, prior to the in- 
troduction of the aggregates. The common practice of putting water in the mixer after 
a batch has been discharged needs watching, since, if much water is so inserted, detriment 
to concrete strength is likely to result. 


Preparation for concrete patching 
The Military Engineer, V. 55, No. 11, Nov. 1947 Hicuway Researcu ABSTRACTS 


Arkansas has a considerable mileage of concrete pavement which has broken up 
rather extensively in places due to pumping action at joints. 


For marking the boundaries of the area to be broken out, a concrete saw is used, 
consisting of a diamond edged circular blade either 10 or 12 in. in diameter driven by a 
6-hp gasoline engine. 


A kerf averaging 2 in. in depth is made at the rate of approximately 1 lineal ft per 
minute. Only one man is required for this operation. After the limits of the patch 
have been thus defined, a self-propelled pnéumatic paving breaker, mounted on a tri- 
cycle chassis, is put to work. This machine has a 600-lb hammer with an impact of 
3,000 to 3,500 lb which rapidly breaks up the concrete into fragments of any desired size. 
An air compressor, mounted on a truck, completes this unit, which also requires only 
one man for operation as the breaker is coupled to the truck and towed from one location 
to another. 


By using these two pieces of equipment, almost all spalling beyond the limits of the 
cut is eliminated, and a much better construction joint between the new and old con- 
crete is obtained. Results have been so’satisfactory that more units of this equipment 
are being acquired. 


Prestressed concrete 


The Reinforced Concrete Review, (London) V. 1, No. 5, Jan. 1947 HicgHway RESEARCH ABSTRACTS 


Three chapters of Vorgespannter Beton by M. Ritter and P. Lardy (Leeman and Co., 
Zurich, 1946; 12 Swiss fr.), are of interest to the English reader; one dealing with tests 
made by a committee of the Swiss Institution of Engineers and Architects, the second 
containing recommendations for a Code of Practice for the bonded or monolithic type of 
prestressed concrete structures and the third describing practical applications in Swit- 
zerland between 1942 and 1946. While the report on tests and the ‘‘recommendations’’ 
may be of interest mainly to designers in this field, the description of Swiss practice 
should be read by all engineers and contractors who may be generally interested in pre- 
stressed concrete. This chapter describes a variety of structures, such as floors, roofs, 
bridges, railway sleepers, poles, etc. It is interesting to note that a number of structures 
have been designed and erected in Switzerland by small or medium contractors with no 
previous experience in this class of work. 

The most important contribution to Swiss practice concerns the type of compound 
structure, which consists of precast prestressed units and a top slab cast in situ. The 
units are designed to support the in situ concrete and carry only the deadweight of the 
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structure, and are therefore relatively light and easily transportable. The top layer of 
in situ concrete, with optional unstressed reinforcement, supplies the additional load- 
carrying capacity to deal with the live loads. This type of compound structure has been 
used for railway bridges of restricted depths and factory floors carrying heavy loads. 
This compound type was erected in Switzerland in 1943, and several more for railways 
and roads followed in 1944. To ensure effective distribution of traffic loads on several 
precast prestressed beams, cross reinforcements are threaded through holes in the beams 
and the beams are pressed against each other by tightening the nuts at each end of the 
cross-bars. 

The reinforcement used in most of the Swiss structures is a so-called ““Voco’’-wire with 
the following characteristics (average values): tensile strength, 125 tons per sq in.; 0.2 
percent proof stress, 106 tons per sq in.; ultimate strain, 5 percent; Young’s modulus, 
13,500 tons per sq in.; diameter up to 3/16 in. The wires are indented at regular 
intervals of 114 to 2 in. into a series of flattened oblong sections of short length to im- 
prove the bond. The initial prestress applied to this wire was in some cases as much 
as 90 tons per sq in. 


Theory of Limit Design 
J. A. VAN DEN Broek, 144 pp. John Wiley and Sons, New York, N. Y., 1948, $3.50 
Reviewed by GLENN Murpur 
Limit design is based on the premises that the stresses in the material exceed the 
proportional limit, and that strain, rather than stress, should be the criterion of safety. 


Professor Van den Broek, the leading contemporary proponent of limit design, ap- 
proaches this somewhat controversial subject from the viewpoint that “the theory of 
strength is predicated on two basic considerations, first, that of equilibrium, and second, 
that of continuity. The first is by far the more important one of the two. . . . When 
the laws of equilibrium are violated by only so much as a hairbreadth, it spells collapse. 
. . . To satisfy considerations of continuity we have a choice of two theories, the theory 
of elasticy or the theory of limit design. Either of these theories supplements the theory 
of static equilibrium in arriving at a picture of strength.” He then proceeds to point out 
some of the situations in which the assumptions involved in the theory of elasticity are 
violated, such as stress concentration, eccentric loading, riveted joints, and members 
containing residual stresses. With limit design, non-uniformity of stress distribution 
may be disregarded, provided that the material is ductile. 

Dr. Van den Broek develops the concept of the limiting resisting moment which a 
mild-steel beam will develop, applies the results to the limit design of redundant beams, 
and indicates logical extension to aluminum and magnesium alloy beams. The chapter 
“Limit Design of Trusses’’ constitutes about one-half of the book, and a large portion of 
that chapter is taken up with a discussion of columns and column formulas. Three 
theories applicable to the design of the cross bracing in transmission towers are dis- 
cussed and compared. 


The chapter on connection details is restricted to a consideration of load-deformation 
relationships in angles loaded by rivets or bolts at the ends. The book closes with a short 
and pertinent chapter titled ““Evaluation of Limit Design,” in which some of the limita- 
tions of limit design, as well as its advantages, are presented, and the need for further 
research is emphasized. 

Good illustrations and a direct personalized style make the book attractive reading. 
It is not weighted with higher mathematics, and the author presents excellent experi- 
mental evidence in support of his statements. An extensive list of references on the 
subject of limit design is included. However, the author has drawn heavily upon his 
previous publications in compiling the material. 
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Probably but few readers will agree with one of the closing statements, ‘‘Personally, 
I regard the overemphasis on elastic stress analysis of the last fifty years as an aberration 
which, I believe, shows signs of having run its course’, but undoubtedly the majority 
of readers will agree that Dr. Van den Broek has placed proper emphasis on what he calls 
“sense of value’ and that he is fully justified in writing “I will claim but one thing, not 
that I have been right but that I have been honest. After accepting or rejecting the 
offered experimental evidence and logic, the reader is left to draw his own conclusions.” 


Architectural Construction—The Choice of Structural Design 
THeEopoRE Crane, John Wiley and Sons, Inc., New York, N. Y., 1947, $6.00 
Reviewed by E. J. Scueni 

The book presents a rather comprehensive review of typical building constructions, 
especially emphasizing the most modern. Its stated purpose is to offer a procedure for 
determining the appropriate type of framing, foundation, floor, roof, and walls for a 
particular building. 

A brief description is presented of federal standards and state, municipal, county and 
township codes. The requirements of building codes are discussed at some length under 
general headings: classification of buildings in regard to construction and occupancy; 
fire resistance; height and area limitations; loadings; and an outline of procedure for 
interpreting and analyzing code requirements. A list and brief description of some 
published federal standards and publications by national technical societies and associa- 
tions is presented. 

Choice of framing material is fully discussed under the general topics; structural 
steel; reinforced concrete; wall bearing construction with interior framing; wood; and 
lightweight steel and prefabricated framing. Illustrations of the different types of 
framing are presented with the discussion. An analysis of the steps necessary to de- 
termine the location and type of framing members is presented at length with respect to 
some typical factors, such as spatial, local, special structural, mechanical, and electrical 
requirements. Structural steel and reinforced concrete are discussed under miain topics, 
types and locations of beams and columns, and flat slab, flat plate and rigid frame designs. 
In connection with these materials, the subject of fireproofing is presented briefly show- 
ing the relation between materials, thickness and fire resistance. Moisture protection 
is described briefly, and expansion joints are discussed at some length in regard to 
location. Wood framing is presented under interior wood framing with masonry walls, 
heavy timber or mill construction and light frame structures. Prefabrication is presented 
briefly with examples of metal, concrete and wood construction. The discussion on 
framing is well illustrated by numerous drawings. 

The choice of floor system is presented as determined by considerations of materials; 
size, shape, and continuity of floor panels; need for structural stability; required degree of 
fire resistance; loadings; desirability of flat ceilings; floor and ceiling finish; weight; 
thickness; heat and sound insulation; and cost. A number of typical steel and concrete 
floors are described in detail, including ribbed and metal pan constructions, combination 
tile and concrete constructions, precast concrete joists and slabs, open web steel joists, 
and steel plate and sheet steel cellular floor systems. Brick and tile arches as well as 
wood floors are described briefly. Basement and cellar floors are discussed with regard 
to drainage and waterproofing. There is also a brief discussion of sound insulation. 
The text is accompanied by numerous drawings. 

The choice of roof system is presented as determined by consideration of materials, 
supports, degree of fire resistance, weight, ceiling, thermal insulation and possibilities 
of condensation, acoustical properties, finish, flashing, maintenance and cost. A number 
of typical steel, concrete, and other roof constructions are described in detail under two 
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general headings, pitched and flat roofs. Among the types of roofs described are cor- 
rugated sheet metal and metal interlocking plates, lightweight precast concrete slabs, 
precast gypsum tile and plank, corrugated and plain cement-asbestos board, and wood 
plank. A brief discussion of thermal insulation is given with tables showing coefficients 
of transmission for different types of construction. The possibilities for condensation 
and need for vapor seal are explained briefly with well illustrated test. 

An important chapter of the book deals with long span designs including those de- 
veloped in recent years in response to the demand for unobstructed floor area beyond 
the economic limits of column and beam construction. Long span structural forms are 
presented under general headings of materials and design; reinforced concrete as rigid 
frames, shell arches and domes; structural steel as plate girders, trusses, rigid frames, 
arches and domes; wood used in solid or laminated designs for trusses, rigid frames, arch 
ribs, and framed arches. 

Wall construction requirements are analyzed under exterior surface, backing including 
framing, thermal insulation and interior surface. The discussion of wall surfaces in- 
cludes masonry, sheet metal, brick veneer, stucco and wall boards such as cement- 
asbestos, gypsum and plywood. Thermal insulation is again discussed briefly and tables 
of coefficients of heat transmission presented for different types of construction. The 
proper provision required to prevent condensation is again discussed briefly. Also 
considered are sound insulation, flashings and design procedure. 

An entire chapter is devoted to masonry walls with a view to incorporating into 
design methods the knowledge derived from modern research into new materials, new 
constructions, mortars, effects of different kinds of workmanship, prevention of rain 
penetration and efflorescence. The types of walls discussed include solid brick and stone, 
combination walls with tile backings, cavity walls, precast concrete, concrete cast in 
place, stucco-faced masonry, and adobe. Other topics discussed are fire and earthquake 
resistance. The text is well illustrated by photographs of individual buildings. 

Choosing the type of foundation is treated under three general heads; spread founda- 
tions, pile foundations and concrete piers. There is a brief discussion and classification 
of various types of soils presented with a description of methods employed for sub- 
surface exploration. A number of types of spread footings are described in detail with a 
discussion of soil pressure under such foundations. Types of piles and methods of pile 
driving are described in detail, including wood, precast concrete, concrete cast in place 
and steel piles, with a discussion of the bearing capacity of piles including a list of 
commonly used dynamic pile formulas. Concrete piers are described briefly. 

The book should be of value to any one interested in a systematic and well illustrated 
presentation of the best and more recent building construction practices. 
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PREPAKT 





REPORTS ... 


ee e ON THE SPEED OF PREPAKT APPLICATION 


Talk about speed in concrete 
placement! Check this: 2000 cubic 
yards of concrete in 1440 minutes! 
One yard every 43.2 seconds! 

That’s a one-day record chalked 
up byPREPAKT on the recently- 
completed Barker Dam refacing 
job done for the Public Service 
Company of Colorado. 

In all, 13,000 cubic yards of 
PREPAKT Concrete were made 
at the scene of operations, with 
crews placing the concrete on the 
upstream face of the dam as wa- 
ter filled the reservoir. Ten days 





after Intrusion of the pre-placed 
aggregate was begun, the job was 
completed ...a whole season’s 
runoff of water was saved... and 
Barker Dam had had its face 
“lifted” without losing a single day 
of productive efficiency. 

When speed in application is 
important, PREPAKT is the log- 
ical choice. For even on hard-to- 
get-at jobs, PREPAKT is fast... 
saves time... saves money... 
keeps productive facilities on the 
job, providing continuous revenue- 
producing service. 





HIGH RESISTANCE TO FREEZING-THAWING - LESS CRACKING 
LOWER PERMEABILITY - RESISTANCE TO SULPHATE MOISTURE 
HIGH COMPRESSIVE STRENGTH - HIGH BONDING STRENGTH 





THE CONCRETE WITH EXTREME DURABILITY 


INTRUSION-PREPAKT, INC. THE PREPAKT CONCRETE CO. 
CHICAGO + TORONTO CLEVELAND 14, OHIO PHILADELPHIA 
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TAC: The who, wha, 


| —addressed to ACI Members, by the Secretary 


Relatively few of ACI’s nearly 4100 mem- 
bers ordinarily exhibit more than passive 
interest in how their society functions. Yet 


these have an important bearing on the 


“how” and the “when” of member participa- 
tion. About 90 percent of ACI members pay 
their dues with reasonable promptness; about 
15 percent of them make some direct con- 
tribution to ACI’s total technical effort; 
less than 10 percent of them—on the average 

add their presence to annual convention 
audiences, and fewer than 3 percent have an 
active part in manning the machinery by 
which ACI operates. These percentages are, 
of course, only approximate—perhaps but re- 
motely approximate. Yet ACI is actually 
“nowered”’ by its entire membership and by 
thousands of others who do the work of 
ACI’s field from which valuable information 
is remotely or very directly derived. 

Is that good or bad? It is probably as good, 
perhaps better than, in comparable organiza- 
tions. This piece for the News Letter pages 
is prompted by the belief that if more of you 
took note of how ACI operates, how papers 
offered for publication are considered and se- 
lected and why, how the personnel of technical 
committees is chosen, with what care the 
horizon is scanned for technical progress that 
should be recorded; there would be fewer 
letters in each day’s mail (and from the most 
surprising sources) which reveal an out-of- 
touchness with how ACI functions and with 
the limits of those functions. Here at staff 
headquarters we tend the machinery. 

Certainly the most important group op- 
erating under, and subject to Board authority 
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in ACI—the most all-pervading in the 
scope of its functions and in the direct 
effect on ACI’s output of information—is 
the Technical Activities Committee. 


TAC would like to have all members 
aware of its attentiveness to their in- 
terests, their wants, and their suggestions, 
because its work is based upon the sum of 
available knowledge of Member interests, 
wants, and suggestions. 


TAC’s assignment 


With the inauguration, about 15 months 
ago, of the Institute’s Technical Activities 
Committee, responsible to the Board of 
Direction for ACI’s technical activities, 
that responsibility was centered in a group 
of nine men. TAC’s duties are those 
which arise in the exploration and activa- 
tion of sources ‘in the development of 
information in committee reports, papers, 
discussions and other contributions for the 
furtherance of Institute objectives.”’ 

TAC is concerned with who knows what 
in the Institute’s field—with those con- 
siderations of ACI’s work of gathering and 
disseminating information by which will- 
ing and competent manpower is discovered 
for the production of individual papers, 
discussions and for committee undertak- 
ings looking to something approaching, 
in each case, a group consensus for guid- 
ance in design, construction and manu- 
facturing practice and in research tech- 
nique. 

In former years the Board of Direction 
diffused such responsibilities among three 
different committees: (1) An Advisory 
Committee recommending organization 
or reorganization of technical committees, 
their assignments and their personnel; 
(2) a Publications Committee responsible 
for exploring sources of JouRNAL contribu- 
tions and screening the resulting product 
for the best use of JouRNAL space within 
the’ limitations of budget allowances; 
(3) a Program Committee with special 
responsibility for personnel and subject 
matter of annual convention programs. 
This proved to be too much diffusion of 
overlapping responsibility. In consolidat- 
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ing these duties after its inauguration in 
February 1947, TAC faced a greater but in 
considerable degree a simpler task. Its 
consolidated responsibility gave it choice 
of means to an end and the opportunity to 
regard an annual convention program as a 
selected part of a total annual program. 

Robert F. Blanks, the committee's first 
chairman, saw TAC’s obligations in the 
light that all the tasks formerly interwoven 
in divided and overlapping responsibility 
demanded thorough-going reviews of pro- 
cedure—a replowing and refitting of the 
whole field of technical activities with its 
variety of means by which valuable in- 
formation could be fed into the Institute’s 
hopper for dissemination. That replowing 
and refitting was done. Almost immedi- 
ately too, with details of committee pro- 
eedures yet undetermined, TAC had be- 
fore it the special task of evolving a 1948 
convention with that breadth and depth 
of appeal which would suffice to draw a 
large attendance at the February meet- 
ings in Denver, well outside ACT's center 
of gravity. As everyone now knows (see 
News Letter section of the April JouRNAL) 
that effort was more successful than even 
the dynamic Denver committee had an- 
ticipated. 


TAC personnel 


Mr. Blanks is now ACI’s president; the 
reins of TAC are in the hands of Past 
President Douglas E. Parsons, whom the 
Board named as the new chairman. He 
brings to the job nine years of active ex- 
perience on ACI’s administrative com- 
mittees including TAC in its first year, 
with a background of service as chairman 
of the former Publications and Program 
Committees. The president of ACI, by 
reason of his office, and the secretary- 
treasurer of ACI, as secretary of the com- 
mittee and editor of the JouRNAL, by 
reason of his office, are members prescribed 
in TAC’s charter. Messrs. Parsons and 
Blanks and the secretary constitute TAC’s 
executive group. The six other TAC 
members were selected by the Board for 
their collective experience and knowledge 
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of a wide range of ACI subject matter and 
personnel. They are: R. KE. Copeland, 
Director of Engineering, National Con- 
crete Masonry Association; Frank H. 
Jackson, Principal Engineer of Tests, 
Division of Physical Research, U. 3. 
Public Roads Administration; Frank 
Kerekes, Assistant Dean of Engineering, 
Iowa State College; Douglas McHenry, 
Head, Structural Research Section, U. 8. 
Bureau of Reclamation; Nathan M. New- 
mark, Research Professor of Civil Engi- 
neering, Talbot Laboratory, University of 
Illinois; Roderick B. Young, Assistant 
Director of tesearch, Hydro-Electric 
Power Commission of Ontario. 


A board of consultants 


The nine men of TAC are not alone in 
arriving at decisions as to what the ACI’s 
technical activities shall be. Ultimate re- 
sponsibility, of course, is to the Board of 
Direction and through it to the Institute 
as a whole. TAC has been authorized to 
organize a board of consultants—men to 
be looked to for advice in special areas of 
ACI’s interests. This board is coming 
into being gradually, in the course of 
trial and error of service asked for; the 
organization is as yet non-existent offici- 
ally, although many «are being “Ccon- 
sulted,”’ 


How TAC acts 


Precisely what does TAC do and how? 
It has had four meetings: one of prelimi- 
nary organization only in February 1947; 
again in June 1947; in November 1947; a 
fourth under a new ACI administration 
in April. It plans to meet in June and 
again in October 1948—-a day prior to a 
fall meeting of the Board of Direction; 
again just before the February Board 
meeting in the week of the 1949 conven 
tion in New York. Through individuals 
of its personnel it is in action all the time. 

All contributions to ACIT’s” work, 
whether in individual offerings of papers 
or discussions; all suggestions of likely 
sources of worthwhile information or of 


subject matter demanding more study and 
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more information, and all problems of 
personnel in each technical committee 
effort to arrive at a consensus of reliable 
fact or recommended procedure; all 
promising ideas for a new or for an exist- 
ing technical committee are grist for the 
TAC mill. Any of these or other matters 
of likely moment in ACI’s technical pro- 
gram should go to ACI’s administrative 
headquarters addressed to the Secretary, 
Technical Activities Committee, New 
Center Building, Detroit 2, Michigan. 
Each such contribution or suggestion 
then goes by memorandum to every mem- 
ber of TAC, Each member of TAC is 
looked to by the Secretary for recommen- 
dations of particular consultants com- 
petent to give the subject attention. At 
any stage of consideration of any of these 
matters, ACI headquarters may recom- 
mend or the staff may act affirmatively or 
negatively in the light of dominant opinion 
expressed; or it may ask for a decision by 
the three members of the TAC’s executive 
group. It may put an important matter 
of policy on the agenda for the next TAC 
meeting 

Since all nine TAC members can not be 
expected to act on each TAC problem so 
submitted, work proceeds through the 
ACI staff (in the absence of objections) 
on the strength of the expressed judgment 
of those members of TAC whose fields of 
special competence prompt their partici- 
pation on any one problem. In short 
with ten Journals to publish each year 
and the subject matter of an annual con- 
vention to be crystallized and publicized 
well in advance of the event, work pro- 
ceeds on the basis of dominant opinion 
that is available soon enough to meet ad- 
ministrative deadlines and with due con- 
sideration of the fact that important de- 
partures from established policy are not 
usually urgent and may be handled in full 
committee discussion 

The reason for thus outlining procedural 
policies in ACI’s technical program is to 
the end that all members may know. 
Knowing should clear their paths for more 
general member participation, 

Continued on p. ¢ 
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What is wanted for a convention 
program 

It is important to touch also on a matter 
brought to member attention many times: 
ACI’s annual convention is a special and 
an important event, but it is not an iso- 
lated event in the ACI year. Adequate 
record of it requires a considerable number 
of JouRNAL pages, yet a relatively small 
fraction of a year’s total publications 
schedule. Decision as to what shall go on 
a convention program is based on such 
considerations as these: 

1) Not all good papers are good conven- 
tion papers; 2) a good convention paper is 
one that 

a. presents subject matter that, 
being in the forefront of many 
member’s minds, will command 
their interest and prompt lively 
and well considered discussion. 

b. can be got across to a convention 
audience in its major essentials 
(details to be left to subsequent 
JOURNAL reading) in from 15 to 
a maximum of 30 minutes. 

c. is available to the Technical 
Activities 
enough to be given adequate con- 
sideration before it is scheduled 
and still leave time enough to 
put it in the hands of prospec. 
tive discussors to be selected for 
their competence in the area of 
special interest most concerned; 
and—a matter of great import- 
ance—early enough for advance 
publicizing. Folks will come for 
what they wish to hear and 
know—if they are advised in 
time. 


Committee — early 


It has for years been a cherished ACI 
hope, that every convention paper might 
be twice written—once for oral presenta- 
tion from the rostrum after writing it for 
the printed page. If a short convention 
version is well presented, it will prompt 
interest in detail which is tolerable on the 
printed page and intolerable in the con- 
vention session. No illustration, for in- 
stance, that requires elaborate oral ex- 
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planation, should be used on the screen 
at a convention; no stereopticon slide 
should ever attempt to show more than a 
few critical and typical tabulated values. 


1949 Convention resolves 

Vehement resolves characterized the 
TAC meeting April 14. Good as was the 
Denver convention, it was a Denverite on 
the committee who most seriously de- 
plored the number of convention-chair- 
sitting hours of the 44th annual meeting 

and he was stoutly supported. TAC 
wants fewer, shorter and of course better 
papers for convention programs. It wants 
many additional papers for JouRNAL use 
because the comparatively few and short 
convention periods are inadequate for a 
coverage of the subject matter of the field 
of concrete adequate to a year’s publishing 
program. A good convention presentation 
is one that “gets over’ an important idea 
in a short time, prompts lively discussion, 
leaves the audience wanting more infor- 
mation which it will read in the JourwAL 
in due course. It was seriously proposed 
in TAC discussion that each of five con- 
vention sessions be limited to three papers 
of a maximum presentation time of 30 
minutes each. That would not include the 
open session of Committee 115, Research 
which may pack a dozen contributions of 
5 to 15 minutes each into its usual morning 
period, still with time for discussion. 


Time—a limiting factor 

For all the foregoing—not essentially 
new except as it indicates TAC procedures 
to stiffen new resolves— Members will still 
write us in November and December 1948 
and in January 1949, or as late as the first 
week of February as they did this year 
with an “idea” for a presentation two 
weeks later! TAC has set October 1948 
as the month of availability of the contri- 
butions (not the ideas for them) which can 
be scheduled for the 1949 convention; and 
November | is the deadline. Already, the 
5-session program for the week of Feb- 
ruary 20, 1949 is outlined except for one 
session; the major, key contributions are 
promised for very early delivery. Ideas 
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will always be welcome; if late they may 
be developed next year. 

Further to emphasize the important 
factor of time—it should be added that 
June and September JourNaAwt schedules 
are now tightly drawn (no JouRNALS of 
course in July and August in our 10-issue 
year). The content of the October 
JoURNAL is largely accounted for. Print- 
ing prices jumped with this May issue 


and all contributions will hereafter be 
especially scrutinized for superfluous mat- 
ter with an eye to the budget. No page 
limit is set for a JouRNAL paper. The test 
is in the question, ‘How many readers 
will be in a position to benefit from this 
offering?” and the answer is often found 
in the space-substance ratio. 


Harvey WHIPPLE 





H. L. Mathews 


captain in the navy’s Civil Engineer 


Corps, draws from his store of personal 
experience for data presented in “Pre- 
fabricated Pumice Concrete Houses,” 7 
797. 

Captain Mathews attended high school 
in Centerburg, Ohio, and was graduated 
from Ohio State University in civil en- 
gineering in 1925. He first worked as de- 
tailer, designer and supervisor for the Mt. 
Vernon Bridge Co. at Auburn, Ohio. 
Subsequently he served as design engineer 
and project manager for several Ohio and 
Virginia firms, and then became bridge 
engineer for the District of Columbia. 
While on this latter job, in-1939, he spent 
a 3-month leave of absence on consulting 
work in New York and Venezuela, South 
America. 

In 1941 he entered the navy where he 
first served as assistant public works 
officer at the U. S. Naval Gun Factory, 
Washington, D. C. Subsequently he held 
the following positions: officer in charge of 
construction, Ninth Naval District, Office 
of Superintending Civil Engineer, Chicago, 
with collateral duties as senior member of 
the surplus materials board; staff com- 
mander in chief, Pacific Ocean areas, and 
planning officer, Eighth Brigade, Plan 
Operation, western Carolines; base de- 
velopment officer, Saipan, Marianas; 
staff island commander, island engineer, 
Pelieu, western Carolines; and executive 


officer, public works department and 


public works officer, U. S. Naval Ship- 
yard, Pearl Harbor. Captain Mathews is 
now officer in charge of construction, and 
public works officer, Naval Ordnance Test 
Station, Inyokern, California, where the 
pumice concrete houses have been built. 


Charles A. Clark 

summarizes progress in a currently ex- 
panding field with “Development of Tilt- 
Up Construction,” p. 813 of this JouRNAL. 
Mr. Clark who is district engineer for the 
Portland Cement Association at Austin, 
Texas, has been an ACI member since 
1937 and is an associate member of the 
American Society of Civil Engineers. 

He studied engineering at the Uni- 
versity of Missouri and first worked as 
concrete inspector on the Florida East 
Coast Railroad construction at Key West 
in 1914. As resident engineer with the 
Illinois State Highway Department in 
1915, he built some of the early concrete 
roads in that state. In 1916 and 1917 he 
was in Vermillion County, Illinois, as 
assistant superintending engineer on a 
166-mile concrete and brick road program. 
In November 1917, Mr. Clark joined the 
Portland Cement Association and has 
since been continuously in that organiza- 
tion’s employ except from 1929 to 1933 
when he was president of an equipment 
sales corporation in Dallas, Texas. 

He was successively field engineer, dis- 
trict engineer, regional manager of west 
central offices and assistant manager of 
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the highway and municipal bureau with 
P.C.A. before assuming his present posi- 
tion in 1936. 


Thomas E. Stanton 

Institute member since 1929, Wason 
medalist and former member of the ACI 
Board of Direction, is well known to many 
JOURNAL readers for his previous contribu- 
tions. This month he presents some new 
information on deterioration, ‘Durability 
of Concrete Exposed to Sea Water and 
Alkali Soils—California Experience,” p. 
821. A native of Los Mr. 
Stanton graduated from the University 
of California in 1904. Until 1912 he 
worked as assistant engineer in the city 
engineer’s office at Los Angeles. 
1912, he has been continuously with the 
California Division of Highways, serving 
successively as assistant division engineer, 


Angeles, 


Since 


assistant highway engineer, and in his 
present capacity of materials and research 
engineer. He has been in charge of the 
materials and research department since 
1928. 

His professional society affiliations are 
numerous, and his activities in most of 
them notable. A member of the American 
Society of Civil Engineers since 1920, he 
has served as director and vice president 
of that group, and in 1943 received the 
society’s Norman medal. Mr. Stanton 
is also a member of the American Associa- 
State Highway Officials, the 
American Society for Testing Materials, 
Highway Research Board, American Road 
Builders Association, and the U. 8. Na- 
tional Committee on Soil Mechanics, 
Second International Conference on Soil 
Mechanics and Foundation Engineering, 
1948. He is a past president of the Associa- 
tion of Asphalt Paving Technologists. 

He has been active in work for the 
Sacramento Red Cross, Community Chest 
and Boy Scouts, and is now president of 
the Sacramento Community Forum. He 
is also president of the board of adminis- 
tration for the California State 
ployees’ Retirement System, and a mem- 
ber of the Rotary, University and Sutter 
clubs in Sacramento. 


tion of 


km- 





May 1948 


Arthur Stone 


presents “Thermal Insulation of Concrete 
Homes” as his first contribution to the 
ACI Journau (this month, p. 849). Mr. 
Stone entered the University of Illinois 
in 1938, studied civil engineering until 
1941 when he interrupted his education 
to enter the army. Commissioned a 
second lieutenant, he remained on active 
duty until early 1946 when he was sep- 
arated with the rank of major in the re- 
serve corps. Completing his work at the 
University of Illinois, he 
civil engineering in June 1946. 


graduated in 


Upon graduation he accepted a position 
with Alvord, Burdick and Howson, con- 
sulting engineers in water supply; later 
that same year he started to work for the 
Portland Cement Association where he 
was assigned to the housing and cement 
since been 


products bureau. He has 


engaged in writing technical 
bulletins, 


panel discussions on behalf of the P.C.A. 


actively 
papers and participating in 
and interviewing architects, engineers and 
builders seeking information on insula- 
Mr. 


Stone has devoted considerable time to 


tion and condensation problems. 
the study of heat transmission and vapor 
condensation properties relative to the 


concrete masonry construction. 


L. S. Brown 

author of Chapter 4, 
Study of Clinkers,”’ 
of cement performance (p. 877) graduated 


“Microscopical 
of the long time study 


in physical chemistry and petrography at 
New Mexico State College in 1916. He 
pursued advanced studies while fulfilling 
several teaching 
ceived his M.S. from the University of 
Oklahoma in 1928, Ph.D. 
Massachusetts Institute of Technology in 
1933. <A World War I, Dr. 


Brown was a captain in the sanitary corps. 


engagements and _ re- 


and a from 


veteran of 


He studied clinker mineralogy and manu- 
facture with the Lone Star Cement Corp. 
1940 he has 
geologist and petrographer with the Port- 
land Cement 


for 5 years. Since been 


Association. 
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New Members 


ACI membership now tops 4000! 

The Board of Direction approved 76 
applications for membership (53 In- 
dividual, 8 Junior, 10 
Student) received in March. 

The Membership total on April 1, 1948 
after taking into consideration a few 
losses by death, resignation and for non- 
payment of dues, was 4032. 


Individual 

Adur, Prabhakar Bhawanishankar, Asso- 
ciated Cement Cos. Ltd., (Administra- 
tion Dept.) 1 Queen’s Road, Bombay 1, 
India 

Babcock, Henry A., Colorado School of 
Mines, Golden, Colo. 

Barker, Charles H., 21 Jay 
hamton, N. Y. 

Barrows, Wilbur R., c/o Erik Floor & 
Associates, 139 N. Clark St., Chicago 2, 
Ill. 

Biro, Georges, Saglik Sokak 30, Yenisehir, 
Ankara, Turkey 

Bolin, Harry W., 1540 Ben Lomond Drive, 
Glendale 2, Calif. 

Booth, Richard W., 
Newark 2, N. J. 

Breguet, Alfred, 28 
Lausanne, Switzerland 

Bridge, William §8., 19 Cameron Ave., 
Earlwood, N. S. W., Australia 

Carter, Harold §., Civil Engineering 
Dept., University of Utah, Salt Lake 
City 2, Utah 

Chapman, Arthur J., The Kroger Co., 
1047 Summer St., Cincinnati 4, Ohio 

Chunn, Clifford J., 143 Hedges St., 
Marietta, Ga. 

Conde 8., Samuel S., Calle Caonabo No. 
30, Ciudad Trujillo D. 8. D., Rep. 
Dominicana, W. I. 

Considine, John William, 50 Webster St., 
Oakleigh 8S. E. 12, Melbourne, Victoria, 
Australia 

Cosgrave, T. N., c/o Resident Engineer, 
Weaver Air Force Base, Weaver, 8. D. 

Howard F., P. O. Box 419, 

Salinas, Calif. 


5 Corporation, 


St., Bing- 


Hall of Records, 


Rue de _ Bourg, 


Cx IZZONS, 


Dunlap, John U., 244 S. 
Casper, Wyo. 

Fairlie, John W., Suite 32, 225 Gilmont 
St., Ottawa, Ont., Canada 

Felt, Earl J., c/o Portland Cement Asso- 
ciation, 33 W. Grand Ave., Chicago 10, 
Ill. 

Frasher, J. H., 
Comm., P. O. 
Calif. 

Giersing, Poul, c/o The Tunnel Portland 
Cement Co. Ltd., West Thurrock, 
Essex, England 

Gorsline, Robert Vance, 3825 Hanlan St., 
Wheatridge, Colo. 

Gowing, C. H., 6y Paxford Rd., North 
Wembley, Middlesex, England 

Govern, Edward J., 91 Morning~ Glory 
Rd., Hicksville, N. Y. 

Grant, Melville Albert, County Engr., 
San Mateo County, Courthouse, Red- 
wood City, Calif. 

Hanna, Edward R., Courthouse, Hollister, 
Calif. 

Haselwood, Robert W., County Surveyor 
& Road Comm., County of Modoc, 
Alturas, Calif. 

Hill, Allen E., Rt. 1, 
Island, Wash. 

Hussain, Mohmood, c/o The Bureau of 
Reclamation, Denver Federal Center, 
Denver, Colo. 


Lincoln St., 


Road 
Bridgeport, 


Mono County 
Box 737, 


Box 254, Mercer 


Ja, Melvin Fu Hoon, 41 St. Stephen St., 
Boston 15, Mass. 

Johnston, Roy Gunnar, 501 S. Boylston 
St., Los Angeles 13, Calif. 

Kearns, Noah H., Road Commissioner, 
Alpine County, Markleeville, Calif. 

Kelly, John E., 1740 Sherman St., Apt. 
507, Denver, Colo. 

Kendall, F. E., 5160 Mayview Rd., Lynd- 
hurst, Cleveland 21, Ohio 

Kerford, George E., P. O. Box 273, Atchi- 
son, Kans. 

Kovanda, Louis P., Route 6, Box 3866, 
Sacramento, Calif. 

Latif, Abdul, P. Asst. to Chief Engr., 
Irrigation Directorate, P. O. Ramna. 
Dacca., Eastern Pakistan 

Litwinowicz, Frank J., 3463 E. 72nd St., 
Cleveland 4, Ohio 
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Nelson, Ned H., 
Seattle 1, Wash. 

Nowell, Lawrence, 816 W. 
Angeles 13, Calif. 

Pollak, James E. ., Southwest Steel Rolling 
Mills, 9901 8. Alameda St., 
2, Calif. 

Savoly, Laszlo, Hierenymi-kez 10, Buda- 
pest XII, Hungary 

Seney, Howard I., 183 Brookdale Ave., 
New Rochelle, N. Y. 

Sherwood, C. E., Dept. of Transport, 
Post Office Bldg., Lethbridge, Alberta, 
Canada 

Snell, Harry B., P. O. Box 1945, Boston 5, 
Mass. 

Starr, Mark E., 
Selinsgrove, Pa. 

Sumner, L. T., 1242 Meda St., 
11, Tenn. 

Taylor, R. F., Downieville, Calif. 

Tye, Rennie Virgil Jr., Corps of Engrs., 5. 
Atlantic Div., Div. Materials Testing 
Lab., P. O. Box 51, Marietta, Ga. 

Walker, E. H., 232 City Hall Annex, 
Rochester 4, N. Y. 

Walter, John, Dept. of Highways, Parlia- 
ment Bldgs., Toronto, Ont., 

Wilson, Frank E., 
Lakewood 7, Ohio 

Wilson, Lucas, 1331 W. 
Colo. 


1003 Seaboard Bldg., 


5th St., Los 


Los Angeles 


South Market St 


") 


Memphis 


Canada 
1283 Cranford Ave., 


Evans, Denver 9, 


Corporation 

Alexander Film Co., Alexite Engineering 
Div., Colorado Springs, Colo. (J. Don 
Alexander) 

Consolidated Sales Co., 
801 Oak St., 
ton G. Parke) 

Glacier Sand & Gravel Co., 5975 FE. 
Marginal Way, Seattle 4, Wash. (W. P 
Jackson) 

C. S. Johnson Co., Box 71, 
Ill. (E. O. Martinson) 

Albert Kahn, Arcts. & Engrs. Inc., 345 
New Center Bldg., Detroit 2, Mich. 
(Charles L. Nichols) 


Bondact Division, 
Kansas City 1, Mo. (Mil- 


Champaign, 


Junior 
Bronson, Gordon, 602 Fifth Ave., 
Park, N. J. 


Asbury 


May 1948 


Locitzer, Daniel, 73 W. 
N. Y. 


96 St., New York, 


Londe, Pierre G., 1733 S. Clarkson, Den- 
ver 10, Colo. 
Michel, Max A., 2141 E. 21st Ave., Den- 


ver 5, Colo. 
Pisto, Robert Rocco, Box 124, 

lis, Wyo. 
Schropfer, R. W., 


Thermopo- 


Box 8, Union P. O., 


University of Wyoming, Laramie, Wyo. 
Shina, Isaac 8., 507 Benjamin St., Ann 
Arbor, Mich. 
Witty, Joseph Bingham, 636 Pennsyl- 
vania Ave., Jackson, Miss. 
Student 
Anderson, John Allen, McKinnon, Wyo. 
Brock, Harold P., 2511 Telegraph Ave., 


Berkeley 4, Calif. 
Haynes, James O., 
Minden, La. 
Lyons, John Edward, 201-A West Engr. 
Bldg., Ann Arbor, Mich. 
Miller, Callix E. Jr., 133 Marquette Ave. 
W., South Bend 17, Ind. 
Prescott, Charles Bradford Jr., 
Center, Vermont 


128 E. Union St., 


Randolph 


Robinson, James Norris, Box 197, RFD 
No. 1, Charleston, 8S. C. 
Talati, Sharad J., 2140 Oxford St., 


Berkeley 4, Calif. 

Urruela, Roberto, 10a Calle Poniente No. 
22, Ciudad de Guatemala, ( 
S.-i 

Ventura A., 
“Tivoli,” 
mala City, 


BUY 


tuatemala, 


2 Calle 
Cjuate- 


Marco Julio, 6 av. y 


we a “Diaz Duran,” 





SECURITY 
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ACI CONVENTION STATISTICS 1905 TO 1948 


For those interested in history and also 

the of establishing 
for conventions, the 
following list of ACI’s annual conventions 
is published. ACI’s office research de- 
partment the records for 
available facts as to dates, places and total 


labors 
future 


shorten 


to 


“records” 


has combed 
registrations. 

There were no conventions in 1911 or in 
1913, but two conventions were held in 
1910 and 1912—one in February, another 
in December 1910; in March and Decem- 
ber 1912. 


The interrogation points mark data not 


Year Dates City 

1905 1/17-19 Indianapolis 
1906 1/9-12 Milwaukee 
1907 1/7-12 Chicago 

1908 1 /20-25 Buffalo 

1909 1/11-16 Cleveland 

1910 2 /21-25 Chicago 

1910 12/12-20 New York City 
1912 3/11-16 Kansas City 
1912 12/10-14 Pittsburgh 
1914 2/16-20 Chicago 

1915 2/9-12 Chicago 

1916 2/14-17 Chicago 

1917 2/8-10 Chicago 

1918 6 /27-29 Atlantic City 
1919 6 /27-28 Atlantic City 
1920 2/16-18 Chicago 

1921 2/14-16 Chicago 

1922 2/13-16 Cleveland 

1923 1 /22-25 Cincinnati 
1924 2 /25-28 Chicago 

1925 2 /24-27 Chicago 

1926 2 /23-26 Chicago 

1927 2 /22-24 Chicago 

1928 2/28-3/1 Philadelphia 
1929 2/12-14 Detroit 

1930 2/11-13 New Orleans 
1931 2 /24-26 Milwaukee 
1932 3/1-4 Washington, D. 
1933 2/21-23 Chicago 

1934 2 /20-22 Toronto 

1935 2/19-21 New York City 
1936 2 /25-27 Chicago 

1937 2/23-26 New York City 
1938 2 /22-24 Chicago 

1939 3/1-3 New York City 
1940 2/27-29 Chicago 

1941 2/18-20 Washington, D. C. 
1942 2/18-20 Chicago 

1943 2/17 (token) Chicago 

1944 2/29-3/2 Chicago 

1945 2/16 (token) New York City 
1946 2/19-21 Buffalo 

1947 2 /24-26 Cincinnati 
1948 2 /23-26 Denver 


= 


‘thus far disclosed by the office library. 


At the December 1910 convention ‘‘the 
tail (the cement show) wagged the dog 
(the NACU meetings) and a_ thick 
throated male vocalist “‘sang to beat the 
band’’—a band mostly brass, but he was 
unequal to a contest with rock crushers, 
block 


Thomas A. Edison was there at a booth 


cement mixers and machines. 
which displayed a model of his steel forms 
in which a house was to be poured in one 
continuous operation. It provided top 


and bottom forms for floors. 


Hotel Attendance 


Claypool 761 

? 604 
Auditorium 711 
65th Regiment Armory 241 
Hollenden 347 
Auditorium 347 
Madison Square Garden 457 
Biltmore 137 
Fort Pitt 137 


Auditorium ? 


Auditorium 336 
i 432 
LaSalle 207 
Traymore 168 
Traymore ? 
Auditorium ? 
Auditorium 244 
Winton 286 
Sinton ? 
Drake 517 
Drake 425 
Sherman 600 
Palmer House 650 
Benjamin Franklin 685 
Book-Cadillac 678 
Roosevelt 306 
Schroeder 605 
Wardman-Park 339 
Palmer House 310 
Royal York 380 
Roosevelt 527 
Palmer House 670 
Roosevelt 550 
Palmer House 584 
Roosevelt 502 
Palmer House 458 
The Mayflower 367 
Palmer House 302 
Palmer House 77 
Palmer House 376 


New Yorker 72 
Statler 

Netherland Plaza 
Shirley-Savoy 886 
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i for 25 or more years. Notable on the list are three charter members 
—Alpha Portland Cement Co., Lehigh Portland Cement Co. and 
if Henry C. Turner (fourth Institute president). They became mem- 
iy bers in 1905 when the National Association of Cement Users was 
f) organized in Indianapolis (NACU became ACI in 1913). Mr. 
. Turner was elected treasurer of NACU in 1906—became president 
i of ACI in 1920. 
te Member Member 
‘Tag from from 
iil Agramonte, Albert A........... 1923 Glens Falls Portland Cement Co...1908 
4 Allentown Portland Cement Co....1910 Gonnerman, Harrison F........... 1918 
4 SME, Entipagecsncscecesccse 1920 Gray, Howard A.............-. 1921 
ie Alpha Portland Cement Co....... 1905 Hamilton, Charles T............. 1919 
{ 4 American Can Company......... 1914 Hammill, Harold B.............. 1920 
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nt? Dockstader, Ernest A..........-- eS OO” rey 1916 
ry” SOR ONG O,. Bev ccccovecsevs 1922 Love, EE cnet nhntvs beac oa 1917 
P: ED, 5 56.6 0060 c0ncnnes 1922 McDaniel, Allen B.............. 1915 
i Neg = Products Co....... dy McMilien, Franklin R. (Honorary . 
ae DEE vcs ce then ev nowes we (| RNS ere 1916 
te Pe g oe its wan tre ahh ememetiee RR pe ee 1923 
ee pre, Mt eg bas bunecersncade = Medusa Portland Cement Co...... were 
ib yt MENS U Wile dic cvcosvccceese eyer, QUIS... ee eee eseeceess 
He oo Alexander I wath o ware hah 1912 Mitchell, Nolan D............... 1921 
ih Francisco, TP vicsexenceh ts 1919 Morris, ME si dos «cas cae'e 1920 
i? Doane, P. J. ptiwiele<tnvaene ions Nosareth sneoy J ee 1916 
a OEs POMMEOIS Dice ccicvccccccccede SN as 5 0% Aino ad 065.004 1922 
' Froehling & Robertson........... ta, A eer eee 1920 
id ER, Beccccccedcsccecess 1920 North Jersey Quarry Co.......... 1921 
; ‘ Giant Portiond Cement Co........ jt ae States Portland asi 
Bh Gi PEWEOR. once cscccsccccese SEINE Sb 6:60 6'Sleld ¢-0.0-0h-0' 1 
i Gilman, tis Giseeeueundas 1916 Ocehmann, John W.............-. 1921 


pen gO, 


—s~ 


t 
' 
i 
t 
{ 
i 


. a 


or 
= 


Member 
from 
i cccccnn cactus thewbeha 1923 
Oxley, J. Morrow...........+6. 1923 
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Pearse, Langdon hak healt niibidc haiku 1914 
SPU coca cess doneveas 1910 
Pome vani State Highway 
ini ae ila s es ie eas 1911 
Pittstorgh Testing Laboratory..... 1912 
SE ENR, 4 004 d0cbbdestucats 1921 
Polaris Concrete Products Co...... 1923 
PE, SEO PR cncvcccencecess 1923 
Quebec Dept. of Roads.......... 1920 
Randall, Frank A............555 1918 
Raymond Concrete Pile Co....... 1916 
8 SS er ee 1917 
Saum, irving kt wie ore btlee ta ~ «1922 
Saville Ceeeatier §....ccccccsce 1919 
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Thompson, ‘Sanford E. (Honorary 


WEBER ccccccvccccccccedscces 1906 


Member 
from 
Turner, Henry C. (Honorary 1932).1905 
Turner Construction Company... .. 1920 
Turner Construction Company... .. 1919 
Universal Atlas Cement Co....... 1914 
Upson, Maxwell M............-. 1912 
ee ES eer re. 1923 
Wl ches ch ncetébann 1917 
po | reer 1923 
Walker, Stanton .............54. 1921 
ON err 1915 
WE, Mss ccc oscnncecnes cs 1920 
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WN a Mitnncecsensevenes vheeue 1921 
Westergaard, Harald M.......... 1920 
Whipple, Harvey...........-.-- 1919 
Whitehall Cement Manufacturing . 
Whiner, Chan: B...ceccccsecvses 1920 
Wickersham, John H............. 1919 
SER Ennis daenemncbation 1913 
Williams, Chas. H.............+. 1922 
Lo eee 1919 
Wilson's (NZ) Portland Cement 
Cicidiese aves otneniids cand 1910 
age 6 1921 
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sd Me Msdendce co canta aa 1921 
Young, Roderick B.............. 1917 
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BECAUSE: 


MENT. 


‘ProteXD 


VINSOL RESIN 
Air-Entraining 
SOLUTION 


No gumming in Dispenser 

No settling out in Storage 

Definite Air-Entraining Control 

LESS IN COST 

Fully approved and widely used by U. S. Government Agencies 
and A. G. C. Contractors. Send for free book on MODERN 
PLACEMENT OF CONCRETE THROUGH AIR-ENTRAIN- 


YES! Protex Automatic AEA Dispenser is available 
AUTOLENE LUBRICANTS COMPANY 


Industrial Division, Denver 9, Colorado 
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Honor Rell 


February 1 to March 31, 1948 


A. Finlayson. ... 

T. H. Fleming. . 
Frank M. Fucik... 
H. F. Gonnerman. 
Ernst Gruenwald..... 
Samuel Hobbs... . 

Mr. T. E. Stanton of the California [Edward L. Howard, Jr.. 
Highway Department becomes top man Alberto Dovali Jaime... 
on the Honor Rol] April 1 with credit for Wm. R. Johnson... 

12 new Members. Professor Raymond E.R. R. Kaufman... 





a 


~ 


o> = : 
aS ee oo 


pe 
es 





a Davis of the University of California is Edward F. Keniston 
<i second with 9% credits. P. J. Kennedy, Jr. 
a T. E. Stanton........ 522 John C. King... 
ia Raymond E. Davis................ 914 Orla A. Larsen 
t Newlin D. Morgan, Jr... 3% eee ae FO” 
i Raphael Callejas H...............4 L. D. Long. 
) Lewis H. Tuthill...... See John V. Maescher. 
: Elmo C. Higginson............... 314 Clyde P. Mason.. 
; Bailey Tremper..... ...3% Oliver H. Millikan... 
} James A. McCarthy....... soci Leonard J. Mitchell. . . 
} J. Antonio Thomen............... 3 Rene 8. Pulido y Morales. . 
Wy F. N. Menefee... : ...2% William T. Neelands 
yi Howard Simpson......... .......2% Hugh E. Odor.. 
4 Jacob J. Creskoff..... James M. Polatty 


R. D. Rader. 
Richard A. Roberts 
Georges Ronai. . 

E. Gonzalez Rubio. . 
C. H. Scholer. .. 
Edward W. Scripture, Jr. 
Edgar A. Sealey... 

H. D. Sullivan. 

T. Thorvaldson. . 
Jakka E. Vuroinen. . 
Joseph J. Waddell. . 
Calvin T. Watts. . 
W. F. Way. 


a 
Walter H. Price.......... 
E. Copeland Snelgrove 
John C. Sprague... 

E. W. Thorson.... 
Milton Fromer.......... ety aires 
Jerome M. Raphael. . 
Clarence Rawhouser. 
John W. Robison... ; 
Stanton Walker.................. 
Ray A. Young....... 
Jerome O. Ackerman .. 
Boyd G. Anderson. . . 
Edwin C. Anderson 
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dp “24? The folowing credits are, in each in- 
‘ Hugh Barnes stance “50-50” with another member. 
bis — ne Robert W. Abbett Myle J. Holley, Jr. 

HT S. B. Barnes......... A. Allan Bates H. N. Howe 

uy Robert F. Blanks... . Boyd 8S. Brooks Walter L. Huber 

: Naat L. Rees Brooks Manuel Castro Huerta 
Hs ft E. K. Borchard... . nm ate ine ae E. _—— 

rie 7 ames H. H. Chun 3ruce Jameyson 

" ‘ H. E. Burr........ Richard de Charms Thomas M. Kelly 


John Butkus........ 
Jose Luis Capacete. 
OR ee 
Miles N. Clair...... 


Debate ike 8 cs: 


Rodger B. Collons..... 


Walter Dardel............. 
Harmer E. Davis............. 


Pr tte et et et et OO OD ON ON ON 
EN a ee et) 


H. W. Chutter 

R. Torres Colondres 

Rolland Cravens 

R. A. Crysler 

Charles W. De Groff 

John G. Dempsey 

Harlan H. Edwards 
Eichenlaub 


J. R. 
H. L. Henson 
W. C. Hodgkins 


K. J. Krawezyk 

H. M. Larmour 
John F, Long 

Carl A. Menzel 

L. J. Meszaros 
Hugh Montgomery 
Ray M. Moorhead 
Francisco Santos Oliva 
Chester B. Palmer 
Donald O. Peck 
Chesley J. Posey 
Warren Raeder 
Dwight F. Roberts 
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R. H. Sherlock 
Charles A. Shirk 

A. R. Stuckey 

M. O. Sylliaseen 
William H. Thoman 
Harry F. Thomson 


John Tucker, Jr 
Walter C. Voss 

J.C, Watt 

J. D. Whittaker 
Harry C. Witter 


Charles Brewster Nims 


sales manager of the Oregon Portland 
Cement Co. died at Providence Hospital, 
Portland, Oregon, December 5th, 1947, 
following a heart attack. 


Born on July 30, 1882 at Muskegon, 
Michigan, he graduated from Stanford 
University in mining engineering; widely 
known in construction and engineering 
circles throughout the Northwest, he was 
district engineer for the Portland Cement 
Association in Portland, Oregon for 
approximately 15 years and joined the 
Oregon Portland Cement Co. as sales 
manager in 1941. Mr. Nims had been a 
member of the Institute since 1925. 


He figured largely, though modestly, in 
developing Oregon’s highway program. 
His associates say that probably no other 
individual, outside of official circles, en- 
joyed the confidence of men mainly re- 
sponsible for road construction policy in 
Oregon. His considered 


counsels were 


wise and honest. 





Davis and Martin transferred 


Appointment of ACI Member A. M. 
Davis of Lansing, Mich. as manager of 
midwestern offices of the Portland Cement 
Association has just been announced by 
Carl D. Franks, the P.C.A. vice president 
for promotion. In his new post Mr. Davis 
will supervise the district offices and field 
engineers of the Portland Cement Associa- 
tion in ten midwestern states. 
quarters will be in Chicago. 


His head- 


J. Gardner Martin of Detroit, also an 
Institute member, has been appointed to 
succeed Mr. Davis as district engineer in 
charge of the 
Lansing. 


association’s office in 





PROFESSIONAL CARD 





KNAPPEN TIPPETTS ABBETT Engineering Co. 


(Knappen Engineering Co.) 


Ports, Harbors, Flood Control, Power, Dams, 


Bridges, Tunnels, Highways, Airports, Traffic, 
Foundations, Water Supply, Sewerage 
Reports Design Supervision 


Consultation 


280 Madison Avenue New York, N. Y. 





Moreell speaks to A. S. C. E. 


Admiral Ben Moreell, past president of 
the American Concrete Institute, presi- 
dent of Jones and Laughlin Steel Corpora- 
tion, and an honorary member of A.8.C.E. 
was one of the leading speakers at the 
spring meeting of the American Society of 
Civil Engineers held April 7 to 9 at 


Pittsburgh. 
Admiral Moreell, wartime head of the 
U. 8. Navy Bureau of Yards and Docks, 


addressed the Wednesday luncheon meet- 
ing on “The Engineer and the Future.” 





STEBBINS 
Entrained Air Meter 





Rapid Accurate 

l * 
Simple = 
Direct Light 
Reading ~ Weight 
Percent Compact 
of Air Unit 





l4 Cubic Foot Container 


Stebbins Mfg. & Supply Co. 
1733 Blake St. Denver, Colo. 
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The new research and development laboratory planned by the Portland Cement Associa- 


tion will occupy a site in Skokie, Ill., 15 miles northwest of Chicago. This is a model of 
the buildings which were designed by Carr and Wright, Chicago architects. 


P. C. A. LABORATORY PLANNED 
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Bids are being received for the con- 
struction of a large, modern research lab- 
oratory for the Portland Cement Associa- 
tion to occupy a l5-acre tract in the 
northern part of Skokie, Ill., about 15 
miles north of Chicago. The laboratory, 
designed by Carr and Wright, Chicago 
architects, comprises two architectural 
concrete buildings connected by a covered 
walkway. Total floor area is approxi- 
mately 98,000 sq ft. The main building 
will be two and three stories high, the 
auxiliary building one story. 

The basement of the main building, 
24,931 sq ft in area, will contain a moist- 
curing room and an L-shaped concrete 
laboratory where large test specimens such 
as beams, large cylinders and slabs will 
be made. There will be two smaller con- 
crete laboratories for special moisture 
exposure tests. The basement will also 
contain all compressors and temperature 
apparatus for freezing and thawing rooms, 
storage areas, a modern and well-equipped 


The first floor of the main building will 
have offices and an auditorium with a 
seating capacity of 150 people, to be used 
for technical meetings. A small cafeteria 
will serve research employes and their 
guests. The first floor will also contain 
the reception foyer and a receiving room 
for supplies. The lobby will demonstrate 
the charm and beauty possible with con- 
crete. It is planned to have a number 
of colorful murals symbolizing industry 
and scientific research. 

The field research section includes a 
petrographic laboratory, dark room for 
developing and printing micro-photo- 
graphs and an instrument-repair and 
calibration shop. Another room will be 
devoted to work in connection with sonic 
vibration-testing apparatus. 

Structural development equipment will 
include a 1,000,000-lb compression testing 
machine capable of handling specimens 
up to 10x40 ft. There will also be a 
400,000-lb universal testing machine for 


ey 


both compression and tension tests. 
Scheduled for installation are a fatigue- 
testing machine for tension, compression, 
static and impact loading tests. The 
structural development room will have 


machine shop, a mold-cleaning room, and 
room for the storage of aggregate. Space 
has also been reserved for the installation 
of air-cooling equipment which may be 
required at a later date. 
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fog chamber, controlled temperature room 
and equipment to make and test various 
types of expanded aggregates. 

The manufacturing research laboratory 
will be equipped with a miniature cement 
kiln and chemical and physical apparatus. 
The applied research section will contain 
a freezing and thawing room, durability 
test equipment and sonic apparatus and 
comparators for length-change tests. 

The basic research section will include 
a colloid chemistry laboratory with tem- 
perature controlled at 73 F + 1. Another 
room held at the same temperature will 
contain X-ray and optical apparatus. 

The center section of the one-story 
auxiliary building will have one room 
100 x 36 ft with a 32-ft ceiling height, de- 
voted to industrial processes, contain 
storage bins, tube mill, jaw crusher, auto- 
clave, a pilot-size rotary cement kiln and 
air separator. There will also be a 2-ton 
electric overhead crane and a 10-ton 
manually operated crane. 


Will you review foreign 
periodicals? 


Institute reviewers (without compensa- 
tion) regularly scan foreign language 
technical publications for contributions 
presenting something new and significant 
in the field of cement and concrete. Of 
the outstanding papers and reports they 
write reviews—trying to preserve the 
essence of the original in very small space 
with some guiding comment on the im- 
portance of each contribution. 

Often there is a vacancy in the corps of 
reviewers. These individuals understand 
that their work must be reasonably up to 
date, and when they can no longer con- 
tinue the work regularly we look for some- 
one to take on the task. We would be 
glad to list volunteers for such work as the 
occasion arises. A reviewer should be 
conversant with the literature of the field 
so that he may recognize worth and 
novelty. “Old stuff” should be avoided. 
An outstanding contribution is almost 
sure to “go the rounds” of many publica- 
tions in various stages of rehash. Many 


publications contain’ little but “rewrite.” 
ACI reviewers aim to catch worthwhile 
contributions close to their source. 

If you are in a position to read foreign 
technical literature coming to the In- 
stitute; if you enjoy such work and want 
this opportunity to keep your languages 
from getting rusty; if you want to keep up 
with the literature of cement and concrete 
and welcome an opportunity that may 
assist in both the language and the subject 
matter; if you have a reasonable facility 
in separating the significant from the 
superfluous and boiling down many words 
into few—we should be glad to have you 
volunteer for this work as it becomes 
available. State your language qualifica- 
tions as among publications in Dutch, 
French, German, Italian, Russian, Finnish 
Swedish, Norwegian, Spanish (Mexican 
and South American) and Portuguese 
(Brazilian publications). 


Mortar sealant for use on glass blocks 


A new mortar sealant formulated for 
use on glass block to obtain good mechani- 
cal bond and avoid shrinkage cracks has 
been announced by American Fluresit 
Co., Inc., Cincinnati, Ohio. 

“The new mortar sealant, known as 
Klee Sealant for mortar between glass block 
coats the exterior mortar joints, adheres 
to the mortar and forms a tight, flexible 
bond to the glass, expanding and con- 
tracting with the mortar as well as the 
glass without rupturing the film. Of 
plastic consistency, it can be applied with 
a caulking gun, or thinned down with 
suitable solvents for brushing consistency. 
This product remains rubbery and bonds 
tightly to mortar, glass, tile, brick, metal 
and wood. Even though dry to touch 
it can be indented with a finger nail.’ 





DON'T FORGET— 


there will be no Journal issues 
in July and August 
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Simonsen from Copenhagen 


Willy Susing Simonsen of Copenhagen, 
Denmark, was a visitor at ACI general 
offices in Detroit, April 9, 1948. Mr. 
Simonsen, technical adviser to the Danish 
Ministry of Housing is touring the United 
States observing new developments in 
housing, especially those including the 
use of concrete. He stated that the most 
interesting development he had seen was 
that of the tilt-up method of construction. 


A.S.T.M. 1948 annual meeting 


The 1948 Annual Meeting of the 
American Society for Testing Materials, 
the 5lst such session, is to be held in 
Detroit the week beginning June 21. Dur- 
ing this week there will be some 20 tech- 
nical sessions, with a large number of 
technical papers and reports in the field 
of materials. There will-be more than 300 
meetings of the society’s technical com- 
mittees, concentrating their work on 
standards and research in materials. 
Throughout the week of the meeting the 
society’s 8th Exhibit of Testing Apparatus 
and Related Equipment will be in prog- 
ress. 


The 1948 Edgar Marburg Lecture will 
be delivered by Dr. Paul Aebersold, chief 


of the isotopes division, Atomic Energy. 


Commission, Oak Ridge, Tenn. He is ex- 
pected to discuss the industrial applica- 
tions of these materials which have such 
phenomenal prospects for industry and for 
mankind. This lecture is to be held on 
Thursday evening, June 24 at the Rack- 
ham Memorial Building. A.S.T.M. ex- 
tends a cordial invitation to anyone in- 
terested to attend this lecture, and also 
the other technical sessions and the 
apparatus exhibit. 


A.8.T.M. President T. A. Boyd, General 
Motors Research Laboratories, will give 
the annual president’s address at a dinner 
on Wednesday June 23. J. J. McCloud, 
Ford Motor Co., heads the local committee 
on exhibits, and part of this is the photo- 
graphic exhibit with F. G. Weed, Rinshed- 
Mason Co., chairman. 





May 1948 


A.S.T.M. Standards on Cement 


The American Society for Testing Ma- 
terials has just issued the 200-page 1948 
edition of “A.S.T.M. Standards on Ce- 
ment,” presenting the seven specifications 
for portland and other types of cement, 
and giving 15 standardized methods of 
testing. It also includes considerable 
supplementary material including: infor- 
mation on analytical balances and weights, 
a manual of cement testing, a list of se- 
lected references on portland cement, the 
principle of the methoxyl method for 
determining vinsol resin in portland cement, 
proposed method of test for setting time 
of hydraulic cement in mortar, and the 
personnel of Committee C-1 on Cement 
and its subcommittees. The specification 
for sieves for testing purposes is also given. 


The cement specifications cover the 
five types, and testing methods included 
cover chemical 
strength, fineness, autoclave expansion, 
sampling, air content, heat of hydration, 
normal consistency, specific gravity, sound- 
ness, tensile strength and time of setting. 


analysis, compressive 


The purpose of the manual is to em- 
phasize those factors which may affect 
results of tests, and to call attention to 
less apparent influences which are im- 
portant, but which are sometimes over- 
looked. A selected bibliography on port- 
land cement lists some of the better known 
and more important sources of informa- 
tion on the subject, including a number on 
testing. 





CONVENTION DATES! 


New York 
Feb. 23-26, 1949 


Pennsylvania Hotel 





Chicago 
week of Feb. 20, 1950 
Edgewater Beach Hotel 
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BETTER STRUCTURES 
—with PLASTIMENT 


Plastiment reduces shrinkage, retards heat development and pro- 
duces high, uniform bond to steel; minimizes stresses and cracking. 


Plastiment increases density, permanently improves strength, imper- 
meability, and resistance. 


Plastiment reduces scum and laitance, eliminates cold joints and 
produces extremely hard, erosion resistant surface 


Write for comprehensive fest reports and descriptive literature. 


SIKA CHEMICAL CORPORATION 


37 Gregory Avenue Passaic, N. J. 











“PRECISION” 


(zi 


EQUIPMENT 








A.S.1.M. Cement Compression Cube Molds 
A.S.T.M. Designation C 109 

For testing the compressive strength 
of Portland Cement Mortars according 
to A.S.T.M. Designation C 109, these 
molds for casting the 2" cement cubes 
are governed by strict A.S.T.M. specifi- 
cations applying to hardness, dimen- 
sional tolerances and water tightness. 


AS.T.M. Cement Compression Cylinder Molds 

A.S.T.M. Designation C 31 

A.S.T.M. Designation C 39 
The 2” x 4” cylinder is used for mixtures 
having no coarse aggregate; the 6”x 12” 
cylinder is used where the coarse aggre- 
gate does not exceed 2” in diameter and 
the 8” x 16” cylinder is applicable to aggre- 
gates larger than 2” in diameter. All molds 
are constructed to A.S.T.M. specifications 
and dimensions are maintained within 
specified tolerances. 

Write for detailed literature 2-6-7-Z. 


See Yaur Laboratory Supply Dealer 











Precision Scientific Company 


B= 
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>; ' HAYDITE 


The Original Lightweight Aggregate 


For Concrete That Is 


Light in weight 

Adequate Compressive Strength 

Highly resistant to freezing and thawing 
Durable—Chemically inert 

Low Thermal Conductivity 

Unusual Acoustical Properties 


Fire Resistant—Suitable for Temperatures of 1800 F. 
and over, when used with Lumnite Cement 


SP Ser 


For complete details write your nearest producer listed below 


JOHN H. BLACK COMPANY HYDRAULIC-PRESS BRICK COMPANY 
505 Delaware Avenue Central National Bank Building 
Buffalo, New York St. Louis, Missouri 
THE CARTER-WATERS CORPORATION HYDRAULIC-PRESS BRICK COMPANY 
2440 Pennway South Park, Ohio 
Keneas City, Misourl THE McNEAR COMPANY 
San Rafael, California 
THE COOKSVILLE COMPANY LTD. 


46 Bloor St. W. WESTERN BRICK COMPANY 
Toronto, Ontario, Canada Danville, Iinois 
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SYNOPSES of recent ACI Papers and Reports 





Institute o— of this JOURNAL 

Vol. 19 which are currently avail- 

able. Unless otherwise noted sepa- 

rate prints are 35 cents each. 

Starred y& items are 50 cents, or more 

as indicated. Please order by title 
|___ and title number. 


BUILDING CODE REQUIREMENTS 

FOR REINFORCED CONCRETE (ACI 
SITES. cc) sta scoxacuvanancceas: Oe 
Price 50 cents. 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 

Supersedes 43-15 

This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used in this mariner. 

Among the subjects covered are: quality of concrete, 
allowable stresses, mixing, placing, curing and col 
weather protection of concrete, forms, cleaning, bending, 
placing, splicing and protection of reinforcement; con- 
struction joints; general design considerations, flesural 
computations; shear and diagonal tension, bond and 
anchorage; flat slabs, columns and walls, and footings 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
a OF A THIN CONCRETE 


4 


S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout 
ing are largely a question of temperature. Presented 
herein is the temperature history of a thin concrete dam, 
based on results of more than five years of observation 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures; annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


*%CEMENT-AGGREGATE REAC.- 
TION IN CONCRETE..............- 
Price 60 cents. 


DUNCAN McCONNELL, RICHARD C. MIELENZ, 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, Arizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
and minerals which are susceptible to attack by cement 
alkalies. 

The expansion and cracking of the concrete result from 
osmotic pressures developed in alkalic silica gels thot are 
produced by partial dissolution of siliceous rock and 


44.3 


mineral substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 
psi. 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANELS........ 
BERT A. HALL—Oct. 1947, pp. 129-140(V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and sonuenbaaien impelled 
Bureau of Reclamation studies of cause and control of its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals; damp-curing of individual coats is elimi- 
a the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS ........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44)" 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCls brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the. water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 
SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method is that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
that there is in general an optimum gypsum content for each 
cement for minimum loss in weight, a diferent optimum for 
minimum shortening and still a diferent optimum for mini- 
mum warping. The data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was still higher. Forthe other cementsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 
hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE............. 44-7 
R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189-1992 (V. 44) 

Writers describe a device for protecting an SR-4 electfic 
strain gage from moisture and pressure while attached to a 
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BLAW-KNOX HAS THE ANSWERS 
TO FASTER CONSTRUCTION 
AND BETTER QUALITY 
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formance has made Blaw-Knox equipment 


first choice of construction men who have a 
reputation for getting things done in a hurry. 
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. . » You'll find this trouble-free equipment 
hard at work building roads, airports and 


general concrete construction all over the 
world. 


—— 


BLAW-KNOX DIVISION 
OF BLAW-KNOX CoO. 
Farmers Bank Bldg., Pittsburgh 22, Pa. 
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reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


% CHEMICAL TEST FOR REACTIVITY 

OF CONCRETE AGGREGATES 

WITH CEMENT ALKALIES; CHEMI- 

CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 
Price 60 cents. 


RICHARD C. MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-224 (V. 44) 


Potential deleterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
yo the necessary chemical analysis completed in 3 work 
lays. 

The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bor data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates of different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 295-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Method 
may be directly applied for panei point loads; other load- 
ings are resolved to equivalent panel point loads. _ Illus- 
trated solutions are developed for a six-story bent and an 
unsymmetrically loaded Vierendeel truss. 


PLASTIC FLOW OF THIN 

REINFORCED CONCRETE SLABS....44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 
This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables included three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic how deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic ow prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 
=e large increases in deflections and strains that were 
obtained over a five-year period. 


*#&PRECASTING CONCRETE PIPE FOR 

THE SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 

D. K. WOODIN—Dec. 1947, pp. 261-288 (Vol. 44) 
Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Stee! cylinder 
and cage type of reinforcement and a combination of the 
two are described. Cement composition and properties 
and mix proportions are tabulated; vibration methods 
handling and storage difficulties, preparation of forms and 
teintorcement, placing of concrete and curing conditions 


are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR- 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, 34 in. in diameter, of three kinds, one plain 
and two deformed, were embedded in Haydite aggre- 
gate concrete. The load and slip at the pul!-out ends 
were observed for bent and straight anchorages of each 
kind of bar. For like slips and equal embedded lengths, 
the straight embedments of the deformed bars were 
stronger than the plain bent-bar anchorages. Differences 
in the lug height and lug-bearing area of the two deformed 
bars affected the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 

PRACTICE FOR WINTER CON- 

CRETING METHODS...............-44-13 
wary of COMMITTEE 604—Dec. 1947, pp. 309-328 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why” of some of the recommended practices. Charts 
in the appendix indicate effect of curing temperature on 
concrete strength, and a list of 135 selected references 
to periodical Tasaiene on winter concreting methods is 
included. 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan. 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appeared 
as an editorial in Engineering-News Record, February 1, 
1923, a few days after the Institute's 19th annual con- 
vention in Cincinnati that year. Coming to light recent- 
ly in an ACI office scrapbook, it inspired a re-appraisa! of 
progress for ACI's 44th annual convention February 23-26, 
1948. Through the courtesy of Engineering-News Record 
it is republished as the point of departure for a full 
session at the 1948 convention in Denver. 


ECONOMY IN STRUCTURAL 
DESIG 


1. E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 

High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for cutting cost, since expensive 
beam forms may be eliminated, story heights are decreased 
and pipe and conduit installations are simplified. Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 192-story 500-bed hospital. Five different 
designs (all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
least expensive, with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 
VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. .44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V. 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
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concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple method is described for detecting the 
presence in cinders of the impurities causing stains and 
of pop-outs, and at least two practicable 
methods are presented for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA...44-17 
JOHN S. COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for concrete materials in China. Data are pre- 
sented on vn gpa ay ge A and availability of cement, rein- 
forcing steel and forms. Aggregate sources, hand! ing 
methods and gradation are discussed. ta on concrete 
strengths, mixing and placing, labor problems and costs 
are given. Concreting, mortar, masonry work and design 
of the Lung Chi Ho hydro development are descri 

ign and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war. 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed 
Illustrations depict many of the almost primitive methods 
which must be employed 


DESIGN OF RECTANGULAR TIED 
COLUMNS SUBJECT TO BENDING 
WITH STEEL IN ALL FACES.......44-18 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V. 44) 


One of the fastest accurate methods of designing rec- 
tangular tied columns, subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial load and pronertioning the column to 
the requirements of the increased axial load. Present 
tabular data confine this procedure to steel in the end 
faces only. A method is proposed in this paper which 
permits a rapid design for steel in all faces for any rec- 
tangular section. 


PREVENTION OF DAMPNESS IN 
ASEM 


B OCH eee! 9 


CYRUS C. FISHBURN—Feb. 1948, pp. 421-436 (V. 44) 


The selection of appropriate measures for a dry basement 
depends upon a consideration of the external conditions 
at the site. 
or in saturated soil and meteorological conditions may be 
conducive to condensation within them. 

The drainage of surface and sub-surface water away from 
a basement is important where this is possible. Methods 
of constructing the walls and floors of new basements to 
prevent seepage and condensation are described. 
Simple tests for determining the causes of dampness in 
ts are given and remedial treatments 
against —— in them are outlined. 


HIGHLIGHTS OF THE DEVELOP- 

MENT OF REINFORCED CONCRETE 
AND THE STUDY OF BOND.......44-20 
ARTHUR P. CLARK—Feb. 1948, pp. 437-440 (V. 44) 


This paper is introduced by a brief history of the develop- 
ment at cuarete and reinforced concrete since portland 
cement was first made about 125 years ago. The French 
are credited with the first use of reinforcement a little 
after the middle of the 19th century. Widespread use of 
reinforced concrete began in the United States about 
1900. It was first designed by a few specialists, especially 
in Europe, in accordance with special reinforcement 
“systems *. 

As the art of using reinforced concrete developed, the 
sufficiency of the resistance of the plain bar to slippage 
was questioned and attempts were made to deform bars. 
Laboratory tests of bond were made as early as 1894 but 
were never extensive. Starting about 1943 the A. 1.5. |. 
organized a committee of reinforced concrete research 
with the object of increasing our knowledge on the 
effective and economical use of reinforcement. 
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LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 1—HISTORY AND SCOPE 44-21 


F.R. waa and |. L. TYLER—Feb. 1948, pp. 441- 
456 (V. 4 


A gsi AO investigation of portland cement in 
concrete is introduced by this brief paper outlining: (1) 
history of the study—advisory committee membership, 
development of the program, financing and scope of the 
investigation; (2) selection of cements; (3) tests of cements, 
(4) construction projects—test roads, exposure to sea 
water and sulfate soils, concrete in thin sections, ex- 
perimental farms and inspection of field projects, in 
which the behavior of cements will be studied over a 
ported of years. 

he paper is the first of a series of as yet an undertermined 
number reporting the results of the long time study. 


* ANALYSIS OF NORMAL STRESSES 

IN REINFORCED CONCRETE 

SECTIONS UNDER SYMMETRICAL 
Sao. ocean tn ms.cs.ee+es 0ocSeee 
MICHEL BAKHOUM—Feb. 1948, pp. 457-484 (V.44) 
Price 60 cents. 


This paper gives an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric 
forces, without the usual procedure of dividing the section 
into small strips. A simple solution is also given for the 
case of simple bending. Both solutions are further simpli- 
fied by the use of curves and tables, which apply to all 
arrangements of reinforcement and can be used for almost 
all practical cases. 

A procedure has been devised to apply the same methods 
to the case in which concrete in tension is taken into 
consideration even though the modulus of elasticity in 
tension differs trom that in compression. Some examples 
are given for both cases. 


CREEP OF STEEL AND CONCRETE 

IN RELATION TO PRESTRESSED 
Gece cc ccc cc cccccccccccc co c4hehd 
GUSTAVE MAGNEL—Feb, 1948, pp. 485-500 (V..44) 


The author outlines methods and results of creep tests 
performed on three different samples of steel wire under 
constant load and constant length conditions. Preparation 
of concrete specimens prestressed by use of these same 
wires is described. Load tests on these specimens and 
non-prestressed concrete are compared and the differences 
in deformation are attributed to the combined creep of 
steel and concrete. Results of creep tests on steel alone 
are applied in order to ascertain creep of concrete alone. 
Concrete shrinkage, steel strains and steel and concrete 
creep are considered in recommending an anticipated 
percentage loss of prestress for design purposes. 


REPAIRING CONCRETE 
HYDRAULIC STRUCTURES..........44-24 
CLAUDE GLIDDON—Mar. 1948, pp. 513-520 (V. 44) 


Seventeen years experience of the Gatineau Power Co. 
indicate that ordinary concrete, reinforced and unrein- 
forced, can be successfully used to repair hydraulic struc- 
tures. Elimination of leakage prior to. surface repair, 
good bond between new and old concrete, and shrinkage 
of new concrete during setting to prevent cracking are 
important. A procedure for repair is outlined stressing 
the importance of experienced labor and supervision and 
briefly describing grouting, selection of materials, design 
strengths of concrete, preparation of surface, vibration 
forms, curing and joints. 


*BOND AND ANCHORAGE... 
T. D. MYLREA—Mar, 1948, pp. 521 
Price 60 cents. 

Pull-out resistance of embedded bars and bond strength 
in simple beams are compared. A study of distribution of 
bond unit stress, and of safety against bond failure in 
beams of uniform depth indicates the bond formula is 
safe in most such beams with bars extending full length. 


«44-25 
552 (V. 44) 
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When all bars are full length, there is a definite relation 
between bar length and diameter, beyond which bond 
unit stress need not be computed. When steel tension 
is high, permissible bond unit stress is low. 

Bar extension and hooks are evaluated according to 
efficiency as anchors under high bond stress. Suggestions 
are made as to length of bearing on supports and cut-off 
points. It is shown that in wedge-shaped beams, brackets 
tapered footings and the like, bond formulas now in use 
may give deceptively low stresses. 


%*LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 2—MANUFACTURE OF 

THE TEST CEMENTS..............--44-26 


F. R. McMILLAN and W. C, HANSEN—Mar. 1948, 
pp. 553-604 (V. 44) 

Price 60 cents. 

This paper is the second chapter of a series of reports. 
It contains a brief description of the manufacturing process 
of the 27 cements selected for this study of concrete 
durability. The cements are listed by type and geo- 
graphical location of the plants; chemical analyses of the 
raw materials are given and tabulations presented showing 
the following operations: preparation of the kiln feed, 
burning, cooling and storing of clinker; grinding and 
storing of the cements 

Data are given on kiln temperatures, uniformity of the 
clinker weights and cement temperatures. 


PRESIDENT’S ADDRESS.............44-27 
STANTON WALKER—Apr. 1948, pp. 605-612 (V. 44) 

Mr. Walker discusses the unique position of the Institute 
as a professional organization—its administrative set-up 
its publication policies and achievements, its committee 
undertakings—presenting a qualitative evaluation of its 
accomplishments. 


EFFECT OF CARBON BLACK AND 
BLACK IRON OXIDE ON AIR 

CONTENT AND DURABILITY OF 
SNINES. “5.0.0 0:5 o:b.0.0: bo 6.0% § 3 <0 kag eee 
THOMAS G. TAYLOR—Apr. 1948, pp. 613-624 (V. 44) 
The practice of using air-entraining cement and air 
entraining admixtures has made it necessary to re-examine 
many of the materials added to concrete to determine 
their effect on these types of concrete. This paper reports 
tests made to determine the effect of certain coloring 
agents on the air content and durability of concrete 

The tests indicate that some materials when added to 
concrete reduce the capacity of the cement to entrain air 
and thereby reduce the resistance of the concrete to 
freezing and thawing. A recommended procedure for 
evaluating coloring agents for use in air-entraining 
concrete is given. 


AGGREGATE REACTION WITH 
CEMENT ALKALIES........... 
WILLARD H. PARSONS 
1948, pp. 625-632 (V. 44) 
Experiments reported tend to support and amplify Hansen's 
hypothesis on alkali-aggregate reaction. Test specimens 
composed of high-alkali cement and reactive aggregate 
(opal) were exposed to conditions promoting the reaction 
resulting in cracking and expansion. Petrographic 
examination at frequent intervals during the course of 
exposure indicated that the chemical reaction results in 
liquefaction, swelling and migration of the reaction 
products. The liquefied ge! produced by the reaction 
fills pores existing in the specimen. After the pore is 
filled, a reaction at the pore wall occurs to form a dense, 
semi-permeable membrane through which osmosis takes 
place, resulting in expansion and cracking. 


*® RESTORATION OF BARKER DAM 44-30 
RAYMOND E. DAVIS, E. CLINTON JANSEN and W. 
T, NEELANDS—April 1948, pp. 633-668 (V. 44) 

Price 60 cents. 

There is described a unique method of stabilizing and 
restoring a 37-year old dam. A 19,500 cu yd blanket 


44-29 
and HERBERT INSLEY—Apr. 


eee 


of concrete made by the Prepakt method was ‘bonded to 
the upstream face and was contained behind a perma- 
nent form made of precast concrete slabs. The work of 
erecting the slabs and placing the coarse aggregate 
behind them was done in the dry during the cold winter 
months when severe weather conditions would have 
made impracticable the placement of conventional con- 
crete. hen the reservoir was nearly filled with cold 
water from melting snow in the mountains, and the dam 
was in the position of nearly maximum downstream de- 
flection, the aggregate mass was grouted under water 
as a continuous operation without cold joints over the 
full length and height of the dam. The average maximum 
temperature of the Prepakt concrete mass during the 
hardening period, which usually occurred about four 
days after grouting, was only 63 F. 


NORMAL STRESSES IN REIN- 

FORCED CONCRETE SECTIONS 

UNDER UNSYMMETRICAL 

BEGG cic cccccccccsccdoccses cone 
MICHEL BAKHOUM—Apr. 1948, pp. 669-6924V. 44) 


In this paper is treated the problem of. unsymmetrical 
bending, whether pure or compound, in reinforced con- 
crete sections of any shape. . Three general solutions 
(method of centers of action of steel and concrete, pro- 
duct of inertia method and method of successive trial) 
have been developed. Each can be used separately 
for finding the exact position of the neutral axis and con- 
sequently the distribution of stresses. The three solutions 
are based on the assumptions of the standard theory and, 
of course, lead to the same results. However, under 
certain circumstances the use of one solution may be 
simpler than the other two. From the results of the 
numerous examples that have been solved recommendations 
are given for making the first assumption of the direction 
of the neutral axis in such a way that the number of trials 
is considerably reduced. 


*% PROGRESS WITH CONCRETE— 
1923-1948....... 44-32 


A symposium with contributions by WALDO G 

BOWMAN, P. H. BATES, J. C. PEARSON, ROY W. 

CRUM, FRANK E. RICHART and RODERICK B. YOUNG 
Apr. 1948, pp. 693-744 (V. 44) 


Price 60 cents. 


Five past presidents of the American Concrete Institute 
and an editor of engineering periodicals review and 
evaluate a quarter-century of progress in concrete theory 
design and practice. Problems of 25 years ago are re 
called, and the extent to which they have been solved 
discussed. Landmarks of progress are enumerated, today’s 
problems (both new and old) are acknowledged. Diffi- 
culties encountered in formulating standards and speci- 
fications are reviewed, progressive changes in cement 
specifications are listed. Suggestions are made for 
continuing research programs and improved research 


techniques Inspection practices are criticized and 
corrections suggested, the importance of consistency 
control and air entrainment effect are stressed. e 


history of alkali reaction studies is outlined. Important 
steps in structural design and theory are pointed out in 
some detail; there is a similar emphasis on progress of 
durability studies, and special mention is made of develop- 
ments in highway construction. 


% LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 3—CHEMICAL AND 
PHYSICAL TESTS OF THE CEMENTS 44-33 


WILLIAM LERCH and C. L, FORD—Apr. 1948, pp. 
745-796 (V. 44) 


Price 60 cents. 


The results of extensive physical and chemical tests of the 
27 cements used in the long-time study are reported in 
this chapter. ASTM methods of test were followed when 
available. Other test methods used are described or 
reference given to published description, 
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PREFABRICATED PUMICE 
CONCRETE HOUSES................44-34 


H.L. MATHEWS—May 1948, pp. 797-812 (V. 44) 


Lightweight precast slab construction was chosen for a 380- 
dwelling navy housing project in the Mojave Desert. Fin- 
ished cost of these two-bedroom, single-family, sing!e-story 
houses was $7,240, including air conditioning, gas heater, 
gas kitchen range, electric refrigerator, plumbing and 
electrical equipment. Pumice aggregate concrete weigh- 
ing not more than 75 Ib per cu ft, with 1500 psi 28-day 
strength, was specified. 

This paper gives sieve analysis of pumice aggregate, mix 
proportions and design, rene tel properties of pumice 
concrete, assembly line production of the precast slabs is 
descri , with details of handling, finishing and steam 
curing included. Time of each operation in the process 
is given. Assembling of the houses—setting, aligning and 
anchoring wall slabs, placing and joining roof slabs, in- 
stalling utilities conduits and placing the concrete floor— 
is described. Experiences with surface treatment for 
floors, roofs and both interior and exterior walls are re- 
counted. Future of prefabricated concrete houses, pumice 
concrete in particular, is discussed. 


DEVELOPMENT OF TILT-UP 
CONSTRUCTION............- - 44-35 


C. A. CLARK—May 1948, pp. 813-820 (V. 44) 


The idea of casting large wall sections horizontally on the 
floor and tilting them to a vertical position has been used 
for many years but only in the last several years has it re- 
ceived wide recognition. The method offers architectural 
flexibility and variations in exterior surface treatment. 
Panel lengths and heights and window and door openings 
can easily adapted to meet requirements of standard- 
ized or individually designed buildings. Insulation and 
vapor seals can attached to the inside of the wall 
(under side) before placing the concrete. Electrical and 
other conduits and outlet boxes are installed before con- 
crete is placed. 

The tilt-up method makes extensive use of power equip- 
ment and lends itself to many economies of assembly-iine 
techniques. 


%& DURABILITY OF CONCRETE 

EXPOSED TO SEA WATER AND 

ALKALI SOILS—CALIFORNIA 

2 ere oo. 


eae E. STANTON—May 1948, pp. 821-848 (V. 


Price 60 cents. 


This article is a continuation of a discussion on the same 
subject published in the AC! Journal for March-April, 
1938. Data not available at that time which have since 
come to light contribute materially to our understanding of 
the causes of concrete deterioration when exposed to sea 
water and alkali soils and appropriate corrective or pro 
tective measures. 


The principal new developments are: 

1. The discovery that one cause of excessive expansion 
and cracking of concrete is an adverse reaction be- 
tween certain minerals in the aggregate and the alkali 
constituents of portland cement, thereby providing an 
avenue for the ingress and deposit of aggressive salts 
in-excessive amounts. The cure in this case is to use 
either a non-reactive aggregate or a low alkali or 
suitable portland-pozzolan cement. 


2. Positive evidence that the resistance of concrete to 
sulfate attack is materially improved through the use of a 
suitable. air entraining agent. Accelerated tests in- 
dicate the A.S.T.M. approved air-entraining agents 
Vinsol resin and Darex are suitable and effective. 
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% THERMAL INSULATION OF 
CONCRETE HOMES....... Bs liteibiecd -44.37 
ARTHUR STONE—May 1948, pp. 849-876 (V. 44) 
Price 60 cents. 


This paper describes the value of adequate thermal in- 
sulation for concrete homes. With the wide range in types 
of insulating materials now available, concrete homes can 
be just as comfortable winter or summer as the best type of 
wood frame construction, with the added advantage of fire 
resistance and low annual cost of the concrete construc- 
tion. 

When effective vapor barriers are provided along with the 
insulating material, condensation and dampness within the 
wall, floor or ceiling is avoided. The use of a vapor 
barrier will also help to conserve moisture within the home 
resulting in a somewhat higher relative humidity which wil! 
contribute materially to the physical comfort and health of 
the occupants in cold weather 

Adequate insulation of the walls, floors, ceilings or roofs 
should be accompanied by corresponding attention to 
reduction of heat loss through use of storm windows and 
doors and by weatherstripping and calking. 


% LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 4—MICROSCOPICAL 
ge Be eee 44.38 
L.S. BROWN—May 1948, pp. 877-924 (V. 44) 

Price 60 cents, 


This paper records the petrographic studies made on the 21 
lots of clinker manufactured for the 27 long-time study 
cements. These studies showed that nine entities were 
regularly determinable, these being C2S. CoS, C3:A, CiAF 
free MgO, a dark prismatic mineral, glass, and a micro- 
scopically undifferentiated complex. Percentages of these 
mineral phases were measured on polished sections, by 
means of a Wentworth integrating stage, for each lot of 
of clinker. The measurements, representing essentially 
the mineral composition of the cements, are presented in 
tabular form he paper also is concerned, on the one 
hand, with the history and techniques of clinker mineral! 
identification and, on the other hand, with correlations be 
tween the mineral compositions and various other features 
or properties of the clinkers and the cements 
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Jaeger Re-Mixing, Compacting Spreader 
Teams with Modern Pavers and Finishers 


Jaeger engineers have developed an 
improved Re-Mixing, Compacting Con- 
crete Spreader to work with as many 
as two 34E dual drum pavers and a 
finisher as a fully mechanized paving 
team. It has spreading capacity and 





be ae 
Aa ** 


THE JAEGER MACHINE CO., Columbus 16, Ohio 


226 N. La Salle St. 
Chicago 1, Ill. 
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1504 Widener Bidg. 
Philadelphia 7, Pa. 


Air Compressors * Pumps * 


Concrete Finishers 


Mixers 


flexibility never before available, a 
greater range of working depths (from 
312” below, to 3” above the forms), im- 
proved drive and simpler design. 


Capacity and flexibility of the 1948 
model Spreader are additional features 
to that of its exclusive re-mixing, com- 
pacting spreader-screw action. That ac- 
tion positively eliminates segregation in 
the concrete and variations between 
batches, works the material against the 
sub-grade’and side forms and compacts 
it into a denser, and longer-wearing 
slab. Core tests prove that it produces 
greater density and uniformity of slab 
than any other spreading method and 
eliminates all honeycombing caused by 
segregation and variation in the mix. 


Working between pavers and finisher, 
this one-man machine easily handles 
maximum paver output, eliminates hand 
labor in the pit and leaves only pre- 
cision work to be done by the finisher. 
Available in a 10 to 15-foot model with 
vacuum controlled reversible screw, and 
a 20 to 25-foot model with dual re- 
versible screws. Write for bulletin CS-8. 
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The next time you hear voices 
— LISTEN / 


IT MAY BE your conscience speaking. 


It may be saying: “‘Save some of that 

money, mister. Your future depends on 
it!” 
Listen closely next time. Those are words 
of wisdom. Your future—and that of your 
family—does depend on the money you 
put aside in savings. 

Do this: start now on the road to auto- 
matic saving by signing up on your com- 
pany’s Payroll Savings Plan for the pur- 
chase of U. S. Savings Bonds. 

There’s no better, no surer way to save 
money. Surer because it’s automatic... 
better because it pays you back four dol- 
lars for every three you invest. 

Do it now. If you can’t join the Payroll 
Savings Plan, enroll in the Bond-A-Month 
Plan through your checking account. 


Automatic saving is sure saving- U.S. Savings Bonds 
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DISCUSSION 


Discussion closed 


Sept. Jl. °47 
Building Code Requirements for Reinforced Concrete (ACI 318-47) 
—Report of ACI Committee 318 
The Five-Year Temperature Record of a Thin Concrete Dam—S. D. Burks 
Oct. Jl. °47 


Cement-Aggregate Reaction in Concrete—Duncan McConnell, Richard C. Mielenz, 
Williom ¥ Holland and Kenneth T. Greene 


Crack Control in Portland Cement Plaster Panels—Bert A. Hall 
Deterioration of Concrete in Brine Storage Tanks—Inge Lyse 
Effect of Gypsum Content and Other Factors on Shrinkage of Concrete Prisms—Gerald 


Pickett 
Nov. Jl. '47 
Protection of Electric Strain Gages in Concrete—Robert H. Sherlock and Adil Belgin 


Chemical Test for the Reactivity of Aggregates with Cement Alkalies; Chemical Processes 
in wg Aggregate Reaction—Richard C. Mielenz, Kenneth T. Greene and Elton 
J. Benton 


Analysis of Two-Column Symmetrical Bents and Vierendeel Trusses Having Parallel and 
Equal Chords— John E. Goldberg 


Plastic Flow of Thin Reinforced Concrete Slabs—George W. Washa 


Dec. Jl. '47 
Precasting Concrete Pipe for the San Diego Aqueduct—D. K. Woodin 


Strength and Slip Under Load of Bent-Bar Anchorages and Straight Embedments in Haydite 
Concrete—C. C. Fishburn 


Proposed Recommended Practice for Winter Concreting Methods—Report of AC! Commit- 
tee 604 


Jan. Jl. *48 
Economy in Structural Design—!. E. Morris 


Study of Causes and Prevention of Staining and Pop-Outs in Cinder Concrete—S. G. Seaton 
Concrete Making in China— John S. Cotton 


Design of Rectangular Tied Columns Subject to Bending with Steel in All Faces— 
D. R. Cervin 


Discussion closes June 1, 1948 
Feb. Jl. ‘48 
Prevention of Dampness in Basements—Cyrus C. Fishburn 


oe of the Development of Reinforced Concrete and the Study of Bond—Arthur 
. Clar 


Long-Time Study of Cement Performance in Concrete, Chapter 1—History and Scope— 
F. R. McMillan and |. L. Tyler 


Analysis of Normal Stresses in Reinforced Concrete Sections under Symmetrical Bending 
—Michel Bakhoum 


Creep of Steel and Concrete in Relation to Prestressed Concrete—Gustave Magnel 


Discussion closes July 1, 1948 
March Jl. '48 
Repairing Concrete Hydraulic Structures—Claude Gliddon 


Bond and Anchorage—T. D. Mylrea 


Long-Time Study of Cement Performance in Concrete, Chapter 2—Manufacture of the 
Test Cements—F. R. McMillan and W. C. Hansen 


Continued on p. 30 
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Discussion continued from p. 29 
Discussion closes August 1, 1948 


President’s Address—Stanton Walker 


Effect of Carbon Black and Black Iron Oxide on the Air Content and Durability of Con- 
crete—Thomas G. Taylor 


April Jl. '48 


Aggregate Reaction with Cement Alkalies—Willard H. Parsons and Herbert Insley 
Restoration of Barker Dam—Raymond E. Davis, E. Clinton Jansen and W. T. Neelands 


Normal Stresses in Reinforced Concrete Sections Under Unsymmetrical Bending— Miche! 
Bakhoum 


Progress With Concrete, 1923-1948—A symposium with contributions by Waldo G. Bow- 
man, P. H. Bates, J. A Pearson, Roy W. Crum, Frank E. Richart and Roderick B. Young 


Long-Time Study of Cement Performance in Concrete, Chapter 3—Chemical and Physical 
Tests of the Cement—William Lerch and C. L. Ford 


Discussion closes September 1, 1948 


Prefabricated Pumice Concrete Houses—H. |. Mathews 
Development of Tilt-Up Construction—C. A. Clark 


Durability of Concrete Exposed to Sea Water and Alkali Soils—California Experience 
—Thomas E. Stanton 


May Jl. '48 


Thermal Insulation of Concrete Homes—Arthur Stone 


Long-Time Study of Cement Performance in Concrete, Chapter 4—Microscopical Study of 
Clinkers—L. S. Brown 
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Concrete Pavements on the German Autobahnen* 


By F. H. JACKSONT 


Member American Concrete Institute 


and HAROLD ALLENt 


SYNOPSIS 


The inspection upon which this paper is based was prompted by a 
desire to reconcile conflicting reports which have come out of Germany 
during the last 3 years regarding the performance of concrete pave- 
ments on the autobahnen as compared to the performance of similar 
pavements in this country. The survey was made during the summer 
of 1947 and covered approximately 1,000 miles of four-lane dual pave- 
ment in the British and American zones of occupation. 


The present condition of the German pavements is discussed from 
the standpoint of both structural performance and quality of concrete 
per se. All of the structural defects which usually develop in concrete 
pavements in the United States were found. However, aside from 
transverse cracking, which was quite common, defects such as joint 
spalling, joint faulting, settlement, etc., were not serious except in the 
area immediately north and south of Frankfurt. It is believed that 
the comparative freedom of the German motor roads from structural 
defects is due primarily to two factors: the comparatively small amount 
of heavy truck traffic using these roads, now and in the past, and the 
comparatively mild climate. 


The soils of Germany vary from cohesionless sands to plastic, silty 
clays and clays. Most of the silty clays examined on the system were 
of such a nature as to require careful moisture control for adequate 
compaction. Such soils would be subject to frost heave under adverse 
drainage conditions. Pumping at joints would occur on these soils if 
free water entered expansion joints or cracks and if a sufficient number 
of heavy loads passed over the pavement. The practice of placing a layer 
of granular material under the pavement was, no doubt, a contributing 
factor in the prevention of mud pumping in such cases. 





*Presented at the ACI 44th annual convention, Denver, Colorado, February 25, 1948. 
{Principal Engineer of Tests, Public Roads Administration, Washington, D. C. 
{Principal Materials Engineer, Public Roads Administration, Washington, D. C. 
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The concrete was, almost without exception, of excellent quality. 
Scaling was confined almost entirely to the sections between Munich 
and Salzburg. Disintegration was practically nonexistent. An outstand- 
ing surface characteristic was the absence of the heavy layer of surface 
mortar which is frequently found on pavements in the United States. 
It is believed that the excellent quality of the concrete is due to (1) the 
excellent quality of the aggregates, (2) the low water-cement ratio, 
(3) thorough consolidation by tamping and vibration of a very dry 
mixture with a maximum aggregate size of about 1 inch, (4) thorough 
curing, and (5) the comparatively mild climate. The effect of the 
cement is not clear. German cements were definitely inferior as judged 
by modern American standards. Whether they were actually inferior 
remains to be seen. 


As the result of their survey the authors recommend that steps be 
taken to initiate a comprehensive program of research on each of the 
following subjects: 


1. A program to study the possibility of insuring greater uniformity 
in concrete for pavements by reducing the maximum size of the coarse 
aggregate. 

2. A program to develop more effective methods of compacting con- 
crete in pavements by mechanical means, such as vibration, tamping, etc. 


3. A program to study the effects of variations in the chemical 
composition of cements and the methods of manufacturing cements on 
the properties of concrete. 


INTRODUCTION 


This report presents the results of an inspection of concrete pavements 
on the German motor road system made by the authors under instruc- 
tions from the Commissioner of Public Roads. The inspection was 
made during the summer of 1947 with the object of determining first, 
in what respects, if any, the German pavements are superior to ours; 
and second, what features of German design and construction practice, 
if any, can be adopted with profit by American engineers. 

The report is in five parts. This introduction and a general description 
of the system, including a section on the soils of Germany, a section on 
climate and a section on traffic comprise the first two parts. The third 
part is a description of the methods of design and construction which 
were employed. The fourth comments on the present condition of the 
pavements with respect to (a) structural defects, and (b) quality of 
concrete per se; the last part is a summary of these comments, together 
with a number of recommendations based thereon. 


During the 3 years which have elapsed since the invasion of Germany, 
the system of high speed motor roads created during the Hitler regime 
has been the subject of considerable comment by returning members 
of our armed forces as well as by civilian engineers. Much of this com- 
ment has been altogether favorable, not only with respeet to the layout 
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and design of the system as a whole but also as regards the excellent 
condition of the concrete pavements themselves. Typical of this reaction 
is a statement by M. A. Swayze, director of research of the Lone Star 
Cement Corporation, who spent about 3 months in Germany in 1945. 
In a report entitled “Observations of War Damage to Concrete and to 
Cement Industry Properties in Germany,’’* he says in part: “In all 
my experience I have never seen concrete highways in better shape 
after at least 7 years’ service than the German autobahnen.... Their 
quality is a tremendous challenge to American engineers to do likewise.” 
On the other hand, there has been some comment to the effect that these 
pavements, although generally in good condition, are not exceptional 
when compared to similar pavements in this country, in that virtually 
all of the defects which characterize our roads are present in greater or 
less degree in the German pavements. A statement to this effect was 
recently made by an outstanding German engineer in an interview with 
the authors. This engineer played a rather important role in the con- 
struction of these roads, and since that time has had an opportunity to 
observe conditions in both the United States and other countries. 

At the outset, the authors wish to thank Dr. W. H. Glanville, director 
of the Road Research Laboratory of Great Britain, and his associate, 
Mr. F. N. Sparkes, for their kindness in making all of the necessary 
arrangements for this inspection, including the furnishing of automobile 
transportation for the entire trip. In addition, they wish to express to 
Dr. Glanville their appreciation for his kindness in detailing two of his 
staff to accompany them. One of these, Dr. A. R. Collins of the con- 
crete section, traveled with the party during the period July 14 to 
August 2, and the other, Mr. H. W. W. Pollitt, of the soils section, 
during the period August 2 to August 11. Both of these men were 
extremely cooperative and their assistance is greatly appreciated. 

The authors also wish to acknowledge the assistance of Mr. F. R. 
MeMillan, of the Portland Cement Association, who arranged for the 
translation of the official instructions for the construction of concrete 
pavements, and Mr. A. P. Anderson, formerly with the Public Roads 
Administration, who translated a number of technical reports covering 
various phases of ‘the work. 

Of the approximately 4,000 miles of four-lane dual highway planned 
by Hitler, about 2,500 miles had been completed at the outbreak of 
World War II. Fig. 1 is an outline map of Germany showing the com- 
pleted roads. On this map the roads which were traveled at least once 
by the inspecting team are shown as heavy solid lines. They total about 
1,000 miles. Completed roads which were not inspected are shown as 
double open lines. Many of these are in the Russian Zone and were 


*ACI Jounnat Feb. 1946, Proc. V. 43, p. 617. 





Tee et ERAS 


ee ee 
Sea MP oc rs 


= 


Ts ae 


i 


jeer 


—_— 


Tea Bee 
~~. — 
— 


eo = se 


LT SO A ee 


we 


ee 


tte Pa 
~ rs ? 


~~ 


nea plain 


peepee 


etn 





= 


- 


=—eec 


_—- 





934 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1948 


The concrete was, almost without exception, of excellent quality. 
Scaling was confined almost entirely to the sections between Munich 
and Salzburg. Disintegration was practically nonexistent. An outstand- 
ing surface characteristic was the absence of the heavy layer of surface 
mortar which is frequently found on pavements in the United States. 
It is believed that the excellent quality of the concrete is due to (1) the 
excellent quality of the aggregates, (2) the low water-cement ratio, 
(3) thorough consolidation by tamping and vibration of a very dry 
mixture with a maximum aggregate size of about 1 inch, (4) thorough 
curing, and (5) the comparatively mild climate. The effect of the 
cement is not clear. German cements were definitely inferior as judged 
by modern American standards. Whether they were actually inferior 
remains to be seen. 


As the result of their survey the authors recommend that steps be 
taken to initiate a comprehensive program of research on each of the 
following subjects: 


1. A program to study the possibility of insuring greater uniformity 
in concrete for pavements by reducing the maximum size of the coarse 
aggregate. 

2. A program to develop more effective methods of compacting con- 
crete in pavements by mechanical means, such as vibration, tamping, etc. 


3. A program to study the effects of variations in the chemical 
composition of cements and the methods of manufacturing cements on 
the properties of concrete. 


INTRODUCTION 


This report presents the results of an inspection of concrete pavements 
on the German motor road system made by the authors under instruc- 
tions from the Commissioner of Public Roads. The inspection was 
made during the summer of 1947 with the object of determining first, 
in what respects, if any, the German pavements are superior to ours; 
and second, what features of German design and construction practice, 
if any, can be adopted with profit by American engineers. 

The report is in five parts. This introduction and a general description 
of the system, including a section on the soils of Germany, a section on 
climate and a section on traffic comprise the first two parts. The third 
part is a description of the methods of design and construction which 
were employed. The fourth comments on the present condition of the 
pavements with respect to (a) structural defects, and (b) quality of 
concrete per se; the last part is a summary of these comments, together 
with a number of recommendations based thereon. 

During the 3 years which have elapsed since the invasion of Germany, 
the system of high speed motor roads created during the Hitler regime 
has been the subject of considerable comment by returning members 
of our armed forces as well as by civilian engineers. Much of this com- 
ment has been altogether favorable, not only with respeet to the layout 
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and design of the system as a whole but also as regards the excellent 
condition of the concrete pavements themselves. Typical of this reaction 
is a statement by M. A. Swayze, director of research of the Lone Star 
Cement Corporation, who spent about 3 months in Germany in 1945. 
In a report entitled “Observations of War Damage to Concrete and to 
Cement Industry Properties in Germany,’’* he says in part: “In all 
my experience I have never seen concrete highways in better shape 
after at least 7 years’ service than the German autobahnen.... Their 
quality is a tremendous challenge to American engineers to do likewise.” 
On the other hand, there has been some comment to the effect that these 
pavements, although generally in good condition, are not exceptional 
when compared to similar pavements in this country, in that virtually 
all of the defects which characterize our roads are present in greater or 
less degree in the German pavements. A statement to this effect was 
recently made by an outstanding German engineer in an interview with 
the authors. This engineer played a rather important role in the con- 
struction of these roads, and since that time has had an opportunity to 
observe conditions in both the United States and other countries. 

At the outset, the authors wish to thank Dr. W. H. Glanville, director 
of the Road Research Laboratory of Great Britain, and his associate, 
Mr. F. N. Sparkes, for their kindness in making all of the necessary 
arrangements for this inspection, including the furnishing of automobile 
transportation for the entire trip. In addition, they wish to express to 
Dr. Glanville their appreciation for his kindness in detailing two of his 
staff to accompany them. One of these, Dr. A. R. Collins of the con- 
crete section, traveled with the party during the period July 14 to 
August 2, and the other, Mr. H. W. W. Pollitt, of the soils section, 
during the period August 2 to August 11. Both of these men were 
extremely cooperative and their assistance is greatly appreciated. 

The authors also wish to acknowledge the assistance of Mr. F. R. 
MeMillan, of the Portland Cement Association, who arranged for the 
translation of the official instructions for the construction of concrete 
pavements, and Mr. A. P. Anderson, formerly with the Public Roads 
Administration, who translated a number of technical reports covering 
various phases of ‘the work. 

Of the approximately 4,000 miles of four-lane dual highway planned 
by Hitler, about 2,500 miles had been completed at the outbreak of 
World War II. Fig. 1 is an outline map of Germany showing the com- 
pleted roads. On this map the roads which were traveled at least once 
by the inspecting team are shown as heavy solid lines. They total about 
1,000 miles. Completed roads which were not inspected are shown as 
double open lines. Many of these are in the Russian Zone and were 
~ *ACI Jounnan Feb. 1946, Proc. V. 43, p. 617. 
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Fig. 1—Diagram of the German motor road system 


inaccessible. In fact, with the exception of a very short stretch in the 
French Zone between K6éln and Frankfurt, all of the roads which were 
inspected by the team lie within the British and American Zones. In 
addition, the party traveled over, without stopping, the approximately 
75 miles between the British-Russian Zone boundary at Helmstedt and 
the Berlin ring road. The cars were not allowed to stop on this road. 

The inspection' party arrived at Bad Oeynhausen, headquarters for 
the British Zone, on July 15, and left Frankfurt at the conclusion of 
the inspection on August 11. Of the 28 days spent in Germany, 10 
were taken up in obtaining the necessary clearances, in making other 
arrangements, and in interviews, leaving 18 days for the actual road 
inspections. During this 18-day period, the entire 1,000 miles of motor 
road shown by the heavy solid lines in Fig. 1 were covered at least once; 
many sections twice; and several sections, three or more times. Driving 
speeds averaged 30 to 35 miles per hour, with frequent stops to check 
soil conditions, quality of concrete, structural failures and the like. 
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Stops were for periods ranging from a few minutes to an hour and were, 
in general, made whenever indications pointed to a marked change 
in soil conditions or in the condition of the pavement itself. The 
character of the soil profile was checked at many points by means of 
test holes and outcroppings. Numerous photographs were taken, of 
which a few are reproduced in this report. Efforts were also made to 
obtain small samples of the concrete. However, the facilities for obtain- 
ing samples were not good and about the best that could be done along 
this line was to obtain a number of small chips which were mainly of 
value in revealing the types of aggregate used in the concrete as well 
as in giving some idea of the quality of the mafrix in each case.* 


GENERAL DESCRIPTION OF SYSTEM 


Attention has been called to the fact that the motor road system, as 
originally planned, apparently contemplated the construction of ap- 
proximately 4,000 miles of four-lane dual highway to connect all of the 
larger cities of the Reich and that of this total, only about 2,500 miles 
have been completed. A glance at Fig. 1 will show many gaps in the 
system, including the section from Kassel north to Hannover and on to 
Hamburg, the section from Nurnburg to Frankfurt, and the section 
between Nurnburg and Stuttgart. 

In general, the motor roads were located to pass close to but not 
actually through the large cities, access being provided in all cases. 
No crossings at grade were permitted, a clover leaf or similar type of 
interchange being used at all major intersections. All secondary roads 
were carried either over or under the main highway without provision 
for aecess. There are numerous bridges for this purpose on the system. 

It is not proposed in this report to describe in detail the methods 
used by the Germans in locating the motor roads or the standards of 
grade and alignment which were followed. These features have been 
discussed quite adequately in reports of previous inspections made by 
British teamst. It will be of interest, however, to call attention very 
briefly to some of the principal standards. 

The German motor road system was designed for speeds up to 100 
mph in flat country and up to 80 mph in mountainous regions. Grades 
varied from a maximum of 4 percent in rolling country to 6 percent in 
hilly sections, and 8 percent in the mountains. Minimum sight distances 
ranged from 500 to 900 ft, and the minimum radii of horizontal curves 
from 2,000 to 6,000 ft, depending upon the terrain. The Germans 

*Arrangements have been made with the Road Research Laboratory to have concrete core samples 
a eben tenets sections on the motor road system. Samples of the subgrade below each 

tT Report of an Inspection of the German Road System”, 1945, by H. S. Keep, A. H. D. Markwick, 


and A. R. Collins, Road Research Laboratory. Issued by British Intelligence Objectives Subcommittee, 
London, H. M. Stationery Office. 
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apparently gave a great deal of thought to esthetic consideration, both 
as regards the original location and the landscaping of these roads. In 
general, the motor roads were located so as to take full advantage of 
scenic possibilities. Cut and fill slopes were rounded and were blended 
in with the natural terrain as so to give a very pleasing appearance. 
This, together with adequate roadside planting, gave an appearance of 
age and permanence. which is quite surprising when one realizes that 
the average age is only about 10 years . Typical views are shown in 
Fig. 2 and 3. 

Construction of the motor roads was begun in 1934 and extended 
through 1940. However, by far the greatest mileage, at least so far 
as the roads in western Germany are concerned, was built during the 
3-year period 1936-1938. This applies also to the 1,000 or so miles of 
pavement which were inspected by the authors. According to data 
furnished by the Road Research Laboratory, the approximate mileages 
by year of construction for this portion of the system are as follows: 


Year built Mileage 
1935 70* 
1936 270 
1937 240 
1938 325 
1939 0 
1940 100 


Total 1,005 


SOILS OF GERMANY 


The inspection in a limited time of an extended mileage of highways 
for the purpose of comparing pavement performance with subgrade 
characteristics requires a regional understanding of soil conditions, 
especially if the terrain consists of a complex arrangement of geological 
parent materials with a wide range in relief or climate such as exists in 
western Germany. In the United States, engineering soil maps prepared 
from air photos, geologic maps or agronomic maps have been useful in 
developing such a regional understanding. Therefore, prior to leaving 
the United States, reconnaissance engineering soil maps similar to those 
shown in Fig. 4+ were made for the terrain in the vicinity of the auto- 
bahnen. These maps were prepared from geologic, physiographic and 
soil information found in available technical publications. They show 
the major physiographic regions and the general characteristics of the 
soils in the areas traversed by the autobahnen. Factual data on soils 


*According to other records, a short section of road between Frankfurt and Dernstadt, which is in- 
cluded in this table as 1935 construction, was actually built in 1934. 

+The soil maps of Fig. 4 were prepared by F. R. Olmstead, Senior Soil Specialist of the Public Roads 
Administration. 
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were limited so that the soil information was largely interpreted from 
data showing the distribution of geologic parent materials, the relief 
and the climate of Germany. 

The predicted soil information on the maps of Fig 4 was used during 


' the inspection for the general location of significant soil changes and was 


useful in evaluating the regional engineering soil problems that probably 
were considered in locating, designing, and building the autobahnen. 
Observations made at frequent intervals during the inspection indicated 
that the information shown in the maps of Fig. 4 was satisfactory for 
the appraisal of soil conditions in the area traversed by the autobahnen. 
During the field inspection, the boundaries of the significant soil areas 
shown on the strip maps of Fig. 4 were found to be quite accurate. 
They were checked as frequently as possible by examining soil profiles 
exposed in cuts, in excavations near’ the road or by digging shallow pits. 

The inspection revealed that with the exception of a section in which 
warping was observed there was very little relation between the type 
of soil and the pavement condition. Defects such as faulting, cracking 
and spalling were found about equally in areas where either cohesive or 
cohesionless soils predominated. This condition is probably the result 
of placing a layer of granular material over all cohesive soils. The 
primary purpose of the use of such a layer was to avoid damage to the 
pavement resulting from frost action on the subgrade soil. 

The soils of Germany vary from cohesionless sands to plastic, silty 
clays and clays. Northern Germany is in a glaciated area and the soils 
are light silty clays, sands and sand-gravels. Around Berlin and 
Hamburg, and as far west as Bad Oeynhausen, granular materials are 
plentiful and were generously used in the autobahnen. From Bad Oeyn- 
hausen, west to Duisburg, sands and slightly heavier silty clays are 
about equally distributed. Along the Rhine Valley from Duisburg to 
Frankfurt are heavier clay soils derived from the metamorphic rocks 
which predominate in the uplands south of K6ln. In several locations 
in this area granular material could not be found by digging at the 
edges of the pavement, indicating that scarcity may have limited its 
use for base courses. This region is somewhat rugged and wooded. 
From Frankfurt south to Karlsruhe, the road follows the Rhine River 
Valley and crosses the flood plains of several major streams. In this 
area sands and sand-gravels predominate. The soils in the area from 
Karlsruhe to Augsburg are derived from sedimentary rocks, and except 
for the mileage through the gravel terraces of river beds, are plastic, 
silty clays, often mixed with rock fragments. 

From Munich to Salzburg, the road passes through a glaciated region 
and a considerable mileage passes over an old lake bed bordering on the 
Chiem See. The soils are poorly-drained, plastic, silty clays. Between 
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Chiem See and Salzburg the road is located along the foothills of the 
Bavarian Alps and passes over terminal morainic areas. The drainage 
is poorly established and, in general, the subgrade conditions are poor. 

Most of the silty clays examined on the system would require careful 
moisture control for adequate compaction and would be subject to 
frost heave under adverse drainage conditions. Pumping at joints in 
concrete pavements would occur on these soils if free water entered 
expansion joints or cracks and if a sufficient number of heavy loads 
passed over the pavement. 

The Berlin to Magdeburg section of the autobahnen is located through 
the area once covered by a continental ice sheet. The glacial till and 
outwash areas have been modified by subsequent erosion to produce 4 
variety of glacial landforms having different soil textures and drainage 
conditions. Most of the soils in the region are granular. The area has 
been separated into three physiographic regions—the Berlin Plairi, the 
Flaming Plain, and the Elbe River Valley. 

The Berlin Plain is a flat to undulating lowland with many canals and 
swamps having intervening sandy areas derived from glacial outwashes, 
terraces, or sand dunes. The Fliming Plain is gently rolling with broad 
low ridges separated by wide flat valleys. Many of the valleys are 
poorly-drained, wet meadows, in which the accumulation of peat bogs 
is frequent. In the Elbe Valley, the soils are better-drained than in 
the Flaming Plain, and along the east edge of the river there are many 
sand dunes. 


All of the soil profiles observed in road cuts and excavations in the 
Berlin to Magdeburg section seemed to indicate that the soils were 
generally sands. In some locations the sands appeared to be covered 
with a silty-clay surface soil. Since this area is in the Russian Zone and 
stopping was not permitted, inspections were made from an automobile 
traveling at approximately 30 miles per hour. 


The section from Magdeburg to Hannover lies in the Leine-Saale 
Lowlands. The terrain is flat to rolling with altitudes ranging from 100 
to 200 ft. In general, the soils are closely related to the glacial land- 
forms. The granular soils in the region are associated with outwash 
plains and terraces and the clay soils with the morainic areas. During 
the glacial period, the Leine and Elbe Rivers deposited vast amounts 
of alluvium in rather wide flood plains. These were subsequently 
dissected by erosion to form the present terrain. The better-drained 
granular soils occur on terraces, and the poorly-drained soils on the 
more recent flood plains. The poorly-drained soils appear to be sandy 
but drainage is retarded by the development of an iron oxide hardpan. 
Peat bogs and swamps are quite frequent in areas underlain by this 
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hardpan formation. In some areas the loamy surface soils are probably 
derived from windblown silts of glacial origin. 


An examination of an embankment under repair between Helmstedt 
and Braunschweig disclosed that the fill was composed of a sand-clay- 
gravel mixture of good quality, with a layer of very fine white sand 
immediately under the pavement. 


Observations made between Braunschweig and Hannover indicated 
that the soils were predominately sands and sandy-gravels. East of 
Braunschweig the surface soil was silt to silty-loam with indications of 
underlying sand and gravel. 


Geologic and soil information of the area around Hamburg were not 
available and a preliminary soil map could not be prepared. The auto- 
bahn from Hamburg to Hannover has not been built, and time would 
not permit examination of the entire road from Hamburg to Bremen. 
However, an examination was made of the section from Hamburg to the 
Hamburg-Hannover-Bremen Junction and of approximately 10 miles on 


the Bremen Road. Examination was also made of the Hamburg to 
Lubeck section. 


The subgrade under a section of pavement south of Hamburg, which 
had been broken by a bomb, was examined. The soil under the pave- 
ment was a fine sand containing a very small amount of binder. The 
section was on a fill approximately 30 ft high, and the entire embank- 
ment was composed of granular material. 


At another location in this area, an examination of the soil profile in 
a shallow excavation showed 6 in. of fine silt on the surface underlain 
by fine sand. There was evidence that the sand was coarser at greater 
depths. 


In the fields at one location peat was being dug for fuel. On the 
south part of the section from Hamburg to Lubeck, the soil, exposed in 
shallow excavations adjacent to the road, was very sandy. On the 
north end of this section, the soils were silty-clays underlain by sands. 


Discussion of the construction of the autobahnen with German engi- 
neers indicated that the peat bog areas were carefully avoided in locating 
the entire system. A few short sections are located over such areas, and 
the embankments over these locations were built by superimposing the 
fill material and displacing the muck soil with dynamite charges. 


The section from Hannover to Wiedenbruck (see Fig. 4) passes through 
the Osnabruck Weser Lowlands and a portion of the Ems River Valley. 
This area is underlain by beds of limestones, greensands, marls, and 
clays. The more resistant limestones and greensands occur in low- 
lying ridges, and the softer marls and clays are found in the valleys 
of the Weser and Werre Rivers. The Ems River Valley is underlain 
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by these softer rocks but during the glacial period, when the Ems 
served as one of the glacial drainage outlets, the valley floor was covered 
with a thick layer of alluvium. The soils in this area, with the exception 
of those found in the valley of the Ems, are mostly clays derived from 
the weathering of the underlying calcareous rocks. The granular soils 
found between the Ems River and the east valley wall occur on an old 
glacial terrace. In more protected areas, there may be soils derived 
from remnants of the old glacial drift or deposits of windblown silt. 


The soil profiles exposed in the fields at most of the points examined 
between Bad Oeynhausen and Hannover, and to approximately 25 
miles west of Bad Oeynhausen, consisted of a gray, silty-clay surface 
soil (6 to 12 in.) over a more plastic, yellowish silty-clay subsoil. 

The practice of hauling granular materials relatively long distances 
for use in fill construction is illustrated by an observation made at a 
location about 1 mile east of the Bad Oeynhausen interchange.: The 
embankment at this point was approximately 12 ft high and was com- 
posed of cohesionless sand, which it was estimated by visual inspection, 
would pass a No. 10 sieve and be retained on a No. 100. The sand was 
covered with 10 in. of friable silt surface soil and a very heavy tough 
sod. The slope of the fill was approximately 114:1. A local resident 
informed the party that the sand for the fill was brought from a pit 
about 4 miles from the road. 


Approximately 30 miles east of Bad Oeynhausen, the soil profile 
exposed in a limestone quarry was examined. The surface soil at this 
location consisted of a silty clay and the underlying layer was a plastic 
clay. 

At a location 1.5 miles west of the Bad Oeynhausen intersection, an 
examination was made where the road passes through a sidehill cut. 
In a pit dug in the median strip, top soil was found to a depth of 10 in. 
or slightly below the bottom of the pavement. Below this depth was a 
mixture of sand and stone particles for a depth which could not be 
determined due to hardness of the ground. A pit, 18 in. deep, dug in the 
embankment, contained silty clay soil. There was no evidence that 
the granular material extended the full width of the grade. At another 
location in cut section, 3 in. of cinders were found below the bottom of 
the pavement over a silty clay soil mixed with rock particles. 


Evidence of substantial sand layers under the pavement and for the 
full width of the roadway was found at most of the locations examined 
in this section. 

Observations made in the southwest 15 miles of the Hannover to 


Wiedenbruck section disclose the predominance of sandy top soil under- 
lain by cohesionless sand. 
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In the section from Wiedenbruck to Dortmund the soils are clays 
and silty-clays derived from the underlying calcareous sedimentary 
rocks of the low plateau of northern Germany. Except in places where 
the sedimentary rocks have been exposed by the erosion of the over- 
lying glacial drift, the soils in the section from Dortmund to Duisburg 
are granular. 

Between Duisburg and Ko6ln alternate sections of granular and fine- 

grain soils, approximately 10 to 20 miles in length, occur. The granular 
materials are located in the Rhine Plain and the silty-clay to clay soils 
where the road crosses the Sauerland. The Sauerland is a rolling sand- 
stone and shale plateau sloping westward, which is cut by many narrow 
steep valleys. The soils derived from these sedimentary rocks usually 
are silty-clays and clays, and are likely to be shallow in depth. 
_ At a location approximately 3 miles west of Kamen, the soils found 
in an embankment slope, at the toe of the embankment and in the 
shoulder near the pavement edge to a depth of 18 in., were grey, friable 
silty-clays and yellow silty-clays. No evidence of a granular layer 
under the pavement was found by digging shallow pits in the shoulder 
at this location. It is possible that the granular material was not placed 
for the full width of the bankette or paved shoulder strip. 

At another location, approximately 10 miles south of the Ruhr River, 
a 6-in. layer of crushed shale-like rock (maximum size /% in.) was found 
beneath the pavement slab. The subgrade soil was a yellowish, mottled, 
plastic clay. The clay had intruded into the stone subbase and the 
pavement at this location was rough and the joints had the appearance 
of being warped. 

In some other locations examined, evidence of the use of granular 
material over plastic clays could not be found by digging near the edge 
of the paved shoulder strip. 

The section from Kéln to a point west of Frankfurt, on the River 
Main, passes through the lower Rhine Plain and the Westerwald. The 
Westerwald is a folded, contorted mass of schist, quartzite and other 
Devonian rocks. The soils derived from these rocks are clays and 
sandy clays. The soils in the 20 miles immediately south of K6ln or to 
the boundary of the Westerwald were found to be granular. The soils 
in the remaining mileage of this section were silty-clays or clays. No 
extremely plastic soils were found in this section. 

From Frankfurt-on-Main to Karlsruhe, the road follows the terraces 
of the Rhine Rift Valley. The soils in this valley are usually granular 
but may be covered with a shallow layer of silty-clay soil. From the 
Enz River (near Karlsruhe) to Stuttgart is an area of calcareous soft 
rocks or marls. The soils in this area are clays or clays mixed with 
stone fragments. 
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Observations made between Frankfurt and Heidelburg indicated 5 
to 10-mile sections of cohesionless sand covered with sandy surface soil 
interspersed with sections of clay and silty-clay similar in length. In 
the areas where the clay soil predominated, the fills were built of cohesion- 
less sand. 

From Karlsruhe to Stuttgart, silty-clay and clay soils predominate. 
In some locations the clay soils seemed to be quite plastic. Granular 
material could not be uncovered by the digging of shallow pits in the 
embankment slopes in this area. Pits dug at the edge of the pavement 
in the median strips disclosed a layer of either fine sand or sand-gravel 
under the pavement for a minimum depth of 12 in. 

From Stuttgart to Munich the road transverses the Swabian Upland, 
the Donau-Lech Valley and the Alpine Foreland. 

The Swabian Upland is flat to gently rolling and is dissected by 
streams with steep valley walls. The parent material in this area is 
limestone and the soils are chiefly clays. 

The Donau-Lech Valley and the lower Alpine Foreland are glaciated 
areas. The soils vary from fine-grained, poorly-drained alluvium and 
clay soils to sands and sand gravels. There are terraces of granular 
material along the Lech River. Loess soils cover the glacial terrain 
in sheltered locations. 

Between Munich (Munchen) and Salzburg the road traverses the 
Munich Plain and the Upper Alpine Foreland. The Munich Plain is 
a granular outwash developed from water sorting of granular material 
contained in the terminal moraines which flank the Bavarian Alps to 
the south of the area. 

The upper Alpine Foreland is a glaciated area which is made up of 
terminal moraines, drumlins and an old lake bed. The soils in this 
section are fine sands, silts and silty-clays mixed with gravel and stone. 
Between the Chiem See and Salzburg, the road passes along the foot 
of the Bavarian Alps. It cuts thru limestone outcrops and passes over 
terminal moraines. 

The soils in this area are clays or alluvial silts and the land is swampy 
in many places. The drainage is poor and there are evidences of distress 
in the pavement at some locations. The view of the Alps from this 
section of road is good, and it is probable that in choosing the location, 
the scenic value outweighed the poor soil and drainage conditions. A 
location further north would have passed through more suitable terrain. 

The autobahn from Kassel to Frankfurt passes through the Hesse 
Uplands, the West Hesse Hills, the Wetterau Corridor, the Westerwald, 
and the lower plain of the Main River. 

The Bunter sandstone and tertiary clays and silts outcrop in the 
area around Kassel. The road is flanked on the west by the West Hesse 
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Hills and on the east by the Hesse Uplands; which are complex geo- 
logically since they were formed by the erosion of faulted and folded 
sandstones and limestones and the subsequent deposition of loess. The 
road enters the Wetterau Corridor at a point west of a basaltic mass 
called the Vogelsburg Mountains which rises to 2500 ft and which has 
been dissected by radial stream gorges to a depth of more than 600 ft. 
Many of the stream valleys are filled with peat. The ruggedness of the 
terrain necessitated the construction of many high embankments which 
observations indicated were built of cohesionless sand. 

The soils in the Wetterau Corridor are heavy clays derived from the 
weathering of basalt. 

The soils in the Westerwald and the Main River Plain are tertiary 
clays and windblown loess. The clays were derived from the weathering 
of the shales and schists of the Westerwald. The loess has weathered 
to a more plastic silty-clay in some areas. 


CLIMATE OF GERMANY 


Western Germany has a milder climate than would be expected from 
its latitude because it is exposed to mild westerly winds. There is 
little difference between the north and south sections because in the 
latter the higher elevations counterbalance the southern location. The 
mean annual temperature of Hamburg is 48 F, of Leipzig, 47 F, and of 
Munich, 45 F. The average annual rainfall varies from 16 in. in the 
plains to 47 in. on the southeast uplands. July is normally the rainiest 
month and January or February, the driest. The snowfall occurs during 
the months of January, February,.and March, and in that period snow- 
fall occurs about 30 days in the northern lowlands and 30 to 50 days in 
the southeastern highlands. 


TABLE 1—COMPARISON OF CLIMATOLOGICAL DATA FOR GERMANY 
AND MIDWESTERN UNITED STATES 











| Temperature Rainfall 
Average | Annual 
City | Jan. | July Max.* | Min.* average 

F F F F Inches 
Berlin et So ae eee 99 | —6 | 23 
Hamburg | 32 63 92 — 6 29 
Frankfurt 32 66 100 — 7 24 
Munich 28 64 97 —I4 36 

| i 
Indianapolis, Ind. } 28 75 107 —22 38 
Columbus, Ohio | 31 75 106 20 34 
Pittsburgh, Pa. 32 74 103 ~20 35 
Charleston, W. Va. 38 77 108 —17 16 
Frankfort, Ky. 36 | 78 111 —17 43 
Lansing, Mich. a ee 102 —26 31 


*Over a period of 35 to 75 years. 
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It would be difficult to select an area in the United States having 
an extensive mileage of concrete pavement in which the soil and climatic 
conditions are exactly the same as those found in Germany. The area 
including southern Michigan, Ohio, Indiana, Kentucky, western’ Penn- 
sylvania, and West Virginia, has similar geologic formations, soil con- 
ditions, and a fairly comparable climate. The temperature and rain- 
fall data for several cities in the selected area of the United States and 
for four cities in Germany, as supplied by the United States Weather 
Bureau, are shown in Table 1. A comparison of these data shows that 
the average temperatures for January are approximately the same in 
both areas; that the average July temperatures are approximately 10 
degrees higher and that the range from maximum to minimum is greater 
in the United States. The rainfall in Indianapolis, Columbus or 
Pittsburgh is comparable to that of Munich but for the rest of Germany, 
it is lower than that of the middlewestern area. 

Data as to the penetration of frost in Germany were not available 
from the weather records. However, an interview with a German 
engineer, now working in England, yielded the information that the 
frost penetration varied from a few to 70 or 80 in. 


TRAFFIC 


The traffic on the autobahnen observed during the inspection was 
very light both as to the number of vehicles and the axle loads. For 
example, in traveling during the middle of a Sunday forenoon from 
Helmstedt to the outer Berlin circle, a distance of 70 miles, no vehicles 
were seen in a period of 45 minutes. Six light trucks were counted in 
the 70 miles. In many places in this area and other sections of the 
autobahnen, the pavement had not been discolored by the oil streak 
parallel to the centerline which usually results from the passage of an 
appreciable number of heavy motor vehicles. The appearance of the 
pavement indicated that the greatest volume of traffic on the system 
was from Frankfurt to Kassel, south of Frankfurt toward Heidelberg, 
and from Frankfurt to Hannover, via the Ruhr Valley. Due to the 
very light traffic on the system now and in the past, any comparison of 
the pavements with those in the United States laid under similar climatic 
conditions and on similar soils, is difficult to make. It is likely that the 
volume ‘of traffic on most of the primary roads in the United States is 
considerably greater than was observed at any location on the aulobahnen. 


DESIGN AND CONSTRUCTION 


Earthwork and subgrade 


In the location and planning of the autobahnen detailed surveys were 
made to evaluate soil and drainage conditions. Whenever possible, 
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bad subsoils were bypassed. Where such areas could not be avoided, 
detailed investigations were carried out to determine the magnitude of 
the settlement of soft undersoils due to loading, the time required for 
such settlements to occur, and the most economical height and slope 
of embankments. When it was necessary to place embankments of 
appreciable heights over yielding subsoils, the completion of the earth- 
work was planned so as to permit the major portion of the settlement 
to take place before the concrete slab was placed. The course of the 
settlement was accelerated through lateral displacement of the subsoil 
by overloading or by blasting. 

In the design of the earthwork, danger from frost damage was given 
special attention. Soils, which contained more than 3 percent of particles 
smaller than 0.02 mm, were classified as subject to damage by frost 
either by heaving or by softening. It was recognized that water must 
be able to reach the frost zone by capillarity before frost damage could 
occur, and if the ground water surface was at a greater distance below 
the frost zone than the capillary rise in the soil, no frost damage would 
result provided there was no entrance of water from the shoulders or 
side slopes. Efforts were made to avoid frost damage by: 

1. Placing the concrete slab a sufficient height above the ground 
water to avoid saturation by capillarity or by lowering the ground 
water table by drainage. 

2. Repiacement of soils susceptible to frost damage with soils not 
susceptible to such damage. 


3. Prevention of capillary rise of ground water by the use of layers 
of coarse granular material or of impervious strata such as bituminous 
concrete slabs. 


Fig. 5—Jumping frog” 
used for compaction of 
cohesionless sand, 
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The following statement is from a publication titled “Guiding Prin- 
ciples for Roadway Slabs,” which was issued for the use of engineers 
engaged in the design and construction of the autobahnen and illustrates 
the importance placed on investigation of possible frost damage: “The 
prevention of frost damage must in every single case be exhaustively 
investigated according to terrain and change in soil, and may not be 
handled in a routine manner.” 


In areas where ground water was found to flow toward the road, it 
was intercepted by longitudinal drains. Drains were also used to lower 
the ground water elevation under the roadway when such a procedure 
was considered effective and economical. © 


In a great portion of the mileage, the concrete slab was placed on 
embankment. In flat terrain the grade line was raised 3 ft or more 
above the natural ground level, and in cuts, the roadway was excavated 
below grade and backfilled with selected material. This procedure 
provided good drainage and in the open plains simplified snow removal. 


Cohesionless sand was used in fills wherever it was available. Sand 
was hauled long distances to avoid the disturbance of farms that would 
result from taking borrow with a shorter haul. When sand was not 
available for the entire embankment, it was used in the top 8 to 32 in. 
A thickness of 8 in. was most common. The sand was placed the full 
width of the grade in fill sections. 


Where sand for the entire fill was not available, relatively thin layers 
of granular material were placed at several elevations and to the full 
width of the embankment. 


Embankment slopes were made steep (usually 114:1 or steeper) to 
reduce to a minimum the farm land necessary to use in building the 
road, and embankment slopes were protected against the entrance of 
moisture by sodding immediately after completion. In some instances, 
a full-width layer of granular material was placed in the bottom of 
embankments composed of cohesive soil to aid in the drainage. 


Cohesionless sands were compacted with a rammer called a “jumping 
frog.”” The device was actuated by explosions of gasoline in a cylinder 
and the explosions were controlled by a manually operated spark. A 
photograph of one of these machines taken by F. R. McMillan is shown 
in Fig. 5. The weights of the “frogs’’ for embankments varied from 14 
to 1 ton and for the area under the paved shoulder, a machine weigh- 
ing 800 lb was used. 


Cohesive soils (silty-clays and clays) were compacted with smooth- 
face and sheepsfoot rollers. The thickness of each layer of soil before 
rolling was approximately 18 in. A field laboratory was maintained on 
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Fig. 6—Stone setts ar- 
ranged in fan-like pattern 


each project where cohesive soil was used, and the moisture and density 
of the soil were carefully controlled. Very little effort was made to 
compact sand or cohesive soil back of bridge abutments, and as a result, 
there are many settlements in the approaches to bridges. That such 
settlements were anticipated is evidenced by the fact that stone ‘‘setts”’ 
were placed adjacent to many bridges so that fill settlement could be 
corrected conveniently. The setts were arranged in a fan-like pattern 
similar to that employed in the case of Durax block in this country. 
(See Fig. 6). 


Shoulders 


The use of a paved strip, 1.0 m wide, on the outside shoulder, and 
0.4 m on the median side, has been effective in keeping the traffic on 
the pavement. As a result, there has been no rutting or destruction of 
the sodded area of the shoulders. The sod in all cases observed was 
very thick and even though there has been very little mowing or other 
‘are given to the shoulders or embankment slopes, they were in good 
condition and looked reasonably neat. 


Pavement design 

With few exceptions, the entire system was designed to provide for a 
four-lane divided highway, with opposing traffic separated by a grass 
center strip about 13 ft wide. A cross section of a typical design is 
shown in Fig. 7. Pavements were uniformly 7.5 m (24 ft 7 in.) wide, 
with a longitudinal center joint. Construction, in general, was full 
width in one operation, with a longitudinal joint of the weakened plane 
type. Lane-at-a-time construction was occasionally used, the longi- 
tudinal joint between the slabs, in this case, being probably of the butt 
type, although information on this detail is lacking. Light steel tie 
bars were used across the longitudinal joint to prevent separation of 
the pavement slabs due to settlement or other causes. 
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All pavement slabs were of uniform depth, 0.20 or 0.25 m (8 or 10 in.), 
although heavier sections were used occasionally. A unique feature of 
the design was the hard surfaced shoulder. These were usually 0.4 m 
(1 ft 4 in.) wide on the inside and 1.0 m (3 ft 3 in.) wide on the outside. 
However, on later work, the outside width was increased to 2.25 m 
(7 ft 4 in.), apparently with the idea of providing more adequately for 
emergency parking. The shoulders were usually about 0.25 m (10 in.) 
in depth, the lower 0.18 m (7 in.) usually being of concrete, and the 
upper 0.07 m (3 in.) of asphalt. The purpose of the asphaltic surface 
was to provide a contrast in color and thus define the outside edge of 
the traffic lane. In cases where dark colored concrete or asphalt was 
used in the pavement proper, plain concrete was used in the top course 
of the paved strip. 

The concrete base for the paved shoulder was constructed before the 
pavement slab and was utilized as a base upon which to mount the 
rails carrying the heavy construction equipment which was used in 
the mixing, placing, and finishing operations. The asphalt top was 
placed to the elevation of the finished roadway after the completion 
of the pavement proper. 

So far as the design of the slab itself is concerned, practice appears to 
have been patterned largely after that followed in this country, except 
that the Germans did not use the thickened edge section. Practice as 
regards transverse expansion joint spacing varied widely. For non- 
reinforced sections, the joint spacing was generally indicated as 8 m 
(26 ft), whereas for reinforced sections, spacings varied from a minimum 
of 12 m (39 ft) to a maximum of 30 m (98 ft). Observations at the 
time of the inspection indicated an average expansion joint spacing of 
from 40 to 60 ft. It was also quite common practice to systematically 
increase the joint spacing from slab to slab in increments of about 1 m 
with periodic return to the first spacing, apparently in an effort to 
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Fig. 7—Typical cross section of four-lane motor road. Dimensions are in meters with 
approximate English equivalents in parentheses. 
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avoid setting up rhythmic vibrations in cars traveling at constant 
speed. Weakened plane contraction joints were frequently installed, 
particularly in the case of the longer expansion joint spacings. 

Load transfer was provided by means of conventional round steel 
dowels, 35 cm. (14 in.) long, and 22 mm (% in.) in diameter, with a 
sleeve over one end. One typical design for an 8-in. section shows the 
dowels spaced 30 cm (12 in.) apart at the center of the slab with some- 
what closer spacing near the edge. In this design the expansion joint 
opening is shown as 18 mm (%% in.) at the top, with a wood filler 14 mm 
(% in.) in thickness. 

Practice as regards the use of reinforcing steel also varied. It was 
apparently not used at all in 1935, but was employed quite extensively 
in 1936, mostly in the form of a light mesh, weighing from 2.1 kg per sq m 
(42 lb per 100 sq ft) to 2.5 kg per sq m (51 Ib per 100 sq ft). Use was 
also made of corner and edge bar reinforcing during this period. The 
use of reinforcing was discontinued in 1937 and thereafter, due to a 
shortage of steel. Steel mesh was usually placed after screeding the 
lower course of concrete and before placing the upper or wearing course. 
This placed the steel at about one-third the depth of the slab, or about 3 
in. from the top. 


Materials 

Mr. M. A. Swayze’s trip to Germany in 1945 was made for the specific 
purpose of studying the German cement industry. With Mr. G. EF. J. 
Davis, representing the portland cement industry of Great Britain, he 
visited some 28 cement plants, all located within the American and 
British Zones. The results of their survey are given in considerable 
detail in a report entitled “German Cement Industry’”* and are sum- 
marized by Mr. Swayze in his report on war damage in Germany, 
previously cited. In his summary, Mr. Swayze says ‘‘The great majority 
of the plants visited were making a product which was inferior in every 
way to the cements manufactured in the United States or in Great 
Britain. Their control of raw mix proportions was generally lax and 
fine grinding of these materials which we believe essential for good 
quality was nowhere near that of American practice. The burning 
operation is much lighter than ours even in plants with modern kilns 
and free lime contents as high as 2.5 percent are not uncommon.” 

Mr. Swayze’s appraisal was, of course, based on observations of 
conditions in 1945. To just what extent economic conditions, particularly 
an acute fuel shortage, may have tended to lower postwar manufacturing 
standards as compared to those in effect during the thirties, cannot 
be stated definitely. Furthermore, the cements used in the construction 





*FIAT Final Report No. 519, prepared by Field Information Agency, Technical, and published by the 
British Intelligence Objectives Subcommittee (BIOS)—London, H. M. Stationery Office. 
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of the motor roads were supposed to meet special requirements for 
flexural strength, drying shrinkage, and fineness which were not im- 
posed in the case of the ordinary product. Even so, it seems probable 
that even these specially selected cements were quite inferior, when 
judged by our standards, to modern American cements. For example, 
Swayze’s survey indicated that, entirely aside from the matter of fuel 
economy, the methods for controlling uniformity of product, such as 
facilities for storing and handling clinker, proportioning materials 
including the gypsum, ete., were very crude as compared to modern 
American practice. This conclusion would, of course, apply as well 
to the prewar German cement as to the postwar product. 

The autobahn cements were undoubtedly somewhat coarser than our 
present-day cements. The Germans required that between 5 and 25 
percent be retained on a sieve having 70 openings per centimeter (178 
openings per in.). Compare this to the modern American cement, which 
rarely will have more than 3 or 4 percent retained on the standard No. 
200 sieve (200 openings per in.). Particle size distribution in the typical 
autobahn cement was also probably quite different. According to 
Swayze, practically all finish grinding in German cement mills is by 
open circuit as compared to our modern closed circuit operation using 
air separators. In open circuit grinding, the final cement product 
contains the various sizes just as produced in one continuous passage 
through the grinding mills. In closed circuit grinding, the various 
sizes are Classified by means of air separators and the coarser particles 
are returned to the mills for further grinding. 

It is probable also that the German cements were not as hard burned 
as our modern cements. Apparently, the only requirement for sound- 
ness was a 2-hour boiling test. The autoclave test has never been used. 
According to the best technical thought in this country, an autoclave 
test is absolutely essential for the proper control of soundness. Many 
failures in the United States, particularly in the southeast, have been 
attributed to the absence of an autoclave requirement in specifications 
and it will be interesting to note when discussing the present condition 
of the autobahnen that such a requirement has never been used by the 
Germans. 

According to Prof. Otto Graf*, cements for concrete road construction 
were selected from the commercially available products, on the basis 
of the following characteristics: 

a. High flexural strength 
b. Moderately high (adequate) compressive strength 
c. Low drying shrinkage 
d. Moderately coarse grind. 


Pies Choice of Cements for Concrete Road Construction and Some Questions Regarding Same,’ Zement, 
V. 25, No. 33, Aug. 13, 1936. 
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In addition, as mentioned above, all cements were required to pass a 
2-hour boiling test for soundness. This was a field control test for 
uniformity during manufacture, the other tests being used primarily as 
prequalification tests to determine the acceptability of a particular 
source. 

Apparently no attempt has been made in Germany to classify cements 
by chemical composition in a manner similar to that employed in the 
five-type specification recognized by the A. 8. T. M. So far as could 
be determined, any cement which would qualify on the basis of the 
physical tests outlined above would be acceptable as to chemical com- 
position on much the same basis as the Type I cement in the A. 8. T. M. 
specifications with one exception—the Germans placed an upper limit 
of 3 percent on magnesia instead of the 5 percent used in most American 
specifications. As a matter of information it should also be noted that 
the alkalies (Na.O and K,O) in German cements are said to run quite 
low as compared to many American cements. 

In addition to straight portland cement, the Germans recognized 
two types of portland-blast furnace slag cement: LHisenportland, con- 
taining about 70 percent portland cement and 30 percent blast furnace 
slag cement and Hochofen cement, containing about 15 percent portland 
cement and 85 percent blast furnace slag cement. Because of its slow 
hardening characteristics, Hochofen cement was not used to any extent 
in road work. The Eisenporiland was, however, used quite extensively, 
particularly in northern Germany. The manufacture of this type was, 
of course, limited to those plants sufficiently close to the blast furnaces 
to make the utilization of the slag economically justifiable. The avail- 
ability of almost unlimited quantities of slag, together with the appre- 
ciable saving in fuel, made the manufacture of Eisenportland very 
attractive and it is understood that in the neighborhood of one-third of 
the entire mileage of motor roads contains this type of cement. 

The instructions governing the selection, processing and control of 
aggregates for concrete pavement construction were such as to insure 
excellent results from the standpoint both of the quality of the hardened 
concrete and the uniformity of the consistency of the mixture as it was 
placed. Aggregate quality was insured through the use of compressive 
strength and wear tests in the case of crushed rock and wear tests in the 
case of gravel. Hard rocks such as granite, basalt, quartzite, etc., 
were preferred. Durability was judged apparently on the basis of 
experience as the record does not indicate that laboratory tests for 
soundness were used. Blast furnace slag was permitted but the in- 
spections did not reveal that it has been used to any extent. The 
requirements for blast furnace slag were stated to be about the same 
as for crushed rock. Considerable attention was paid to the matter of 
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impurities and freedom from flat and elongated particles was insured by 
requiring that the breadth of an individual particle should be not less 
than 65 percent of its length and that its thickness should be not less 
than 25 percent of its length. 

In the matter of separated sizes, German practice differed markedly 
from that employed in this country in that it was apparently the universal 
practice to require that the sand or fine aggregate be furnished in at 
least two fractions, 0 to 3 mm (0 to 0.12 in.) and 3 to 7 mm (0.12 to 
0.28 in.). To insure better control of grading, the material below 3 mm 
was sometimes still further separated into two or three sizes, as follows: 
0 to 0.2 mm, 0.2 to 1.0 mm, and 1.0 to 3.0 mm. It is obvious that with 
sO Many separations, very close control of the total fine aggregate 
grading could be obtained. 

For the larger sizes, the separations were usually from 7.0 to 15.0 mm 
(0.28 in. to 0.59 in.) and from 15 mm to 30 mm (0.59 in. to 1.18 in.). 
These were the size separations for the top course. In two-course con- 
struction, a somewhat larger (40 or 50 mm) maximum size was used for 
the bottom course. 

Most of the pavements on the aulobahnen were constructed in two 
courses. This was necessary not only because of the difficulty of properly 
compacting a single course of very dry concrete 8 in. to 10 in. deep, 
but also because this type of construction made it possible to use a 
somewhat inferior type of aggregate in the lower course, a matter of 
considerable economic importance in some instances. 

Composition of mix and proportioning 

It was the general practice to design all paving mixes in the laboratory 
prior to construction using the same cement and aggregates to be later 
furnished to the job. The basis of the design was the development of 
a mix which would have sufficient workability for placing and finishing 
with the equipment to be used on the work and which would result in 
concrete conforming to the following requirements for strength at 28 
days using a cement content of not less than 300 kg per cu m (1.35 bbl 
per cu yd) and not more than 350 kg per cu m (1.57 bbl per eu yd). 


kg sq em psi 
Flexural strength 
NICE ee eran vee arr * 38 540 
fale Pata Rap armas By eo 15 640 
Compressive strength 
EERE Tee pee eee 330 1,700 
Mass tw Sriuicea ae 100 5,700 


It was further provided that the strengths at 7 days should not be 
less than 70 percent of the above values. It was the practice also to 
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Fig. 8—Grading curves for combined aggregates 


check the strength design by means of tests of compression and flexure 
specimens made during construction and by means of tests on cores 
made at the age of approximately 60 days. 

As previously stated, aggregates were supplied in a number of separated 
sizes. Instructions for the design of mixes required that the available 
sizes be so proportioned that the combined grading curve would fall 
within the limits shown by lines K and D in Fig. 8. The instructions 
also stated that the exact position of the combined grading curve be- 
tween these limits would depend upon the nature of the aggregate 
(that is, the curve would be lower for gravel than for crushed stone) 
and also upon the efficiency of the placing equipment. In general, a 
curve below line J but above line D would be permitted only in cases 
where compacting machines of proved efficiency were to be employed. 

The amount of mixing water apparently was not specified directly 
but was indicated as the minimum required for the chosen method of 
placing. For the zero slump concrete which seems to have been normally 
used, a water-cement ratio between 0.35 and 0.50, by weights, was 
specified. Apparently a somewhat higher water-cement ratio was 
permitted when the concrete contained crushed stone than when gravel 
was used. 


Paving operations 

In contrast to design practices, the construction methods used by 
the Germans were totally different from those employed in this country. 
With minor exceptions it was the German practice to use trains of 
heavy traveling equipment in connection with the various paving 
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operations on the aulobahnen. ‘This equipment, spanning the entire 
25-ft wide pavement slab, was carried on steel rails which, in turn, 
were mounted on the concrete side strips previously mentioned. Sepa- 
rate mixers, spreaders and finishers were used for each course. Mixers 
traveled on the rails and not on the subgrade and were serviced by 
industrial railways running on the center strip. Proportioning was at a 
central plant, each size of aggregate being weighed separately. The 
mixer was sometimes mounted separately and sometimes on the same 
frame as the spreader. Spreaders were of the vertical discharge hopper 
type. After receiving a load of concrete they were discharged by moving 
the hopper slowly from one side to the other as the entire machine 
moved forward. 


It was the general practice to use a very dry (no slump) mix in pave- 
ment construction. In this respect the Germans followed British practice 
rather than that favored generally in this country. Such mixtures are 
of course entirely unsuited for use with an ordinary power-driven screed, 
which exerts comparatively little compactive effort but merely smooths 
the surface after the concrete has been distributed by the spreader. 
German engineers have developed several types of compaction equip- 
ment. In fact, considerable research appears to have been conducted 
on the problem, the results of which are discussed in detail in a report 
by R. Schade originally issued in 1940 and translated from the German 
by L. Baumgartel.* 





*English translation issued by the Koad Research Laboratory of Great Britain in Feb. 1947 as Library 
Communication No. 70, under the title “The Mechanical Finishing of Concrete in Road Construction 
with Special Reference to Vibration: A New Way of Increasing Output.” 





Fig. 9—Spreading hopper moves from right to left as the whole machine advances. 
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There were two general types of finishers used on the motor roads, 
the Végele and the Dingler. The Végele was a three-element machine, 
the first and third elements being reciprocating screeds of the usual 
type. Mounted between the screeds was a heavy plate which could 
be operated either as a vibrator or a tamper. Vibrating frequencies were 
originally quite low (150 to 250 per minute) but were later increased to 
as high as 3600 per minute. It was sometimes operated alternately as 
a tamper and as a vibrator in successive passes and several passes were 
frequently required to obtain the desired finish. The Dingler machine 
Was a very much héavier piece of equipment. It consisted of a series 
of tamping hammers, 4 x 10-in. face, weighing 55 to 120 Ib each and 
mounted in a row just behind the front screed. The height of fall was 








Fig. 10a (top)—Concrete after spreading 
Fig. 10b (bottom)—Vogele vibrator starting second pass 
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Fig. 11—Final finish and curing mats in place 


about 6 in. and they were operated at about 70 blows per minute.* 
These tamping hammers were apparently only used for compacting 
the lower course. The final finishing was by means of a combined 
screed and tamper operating at about 60 strokes per minute and several 
passes were usually required to produce the required finish. 

Another unique feature was the practice of conducting the placing, 
finishing and preliminary curing operations under sunshades. These 
were mounted on light wooden frames spanning the entire pavement 
and carried on light steel rails mounted outside and parallel to the con- 
crete side strips. In this way the concrete was protected from sun and 
wind from the time it was placed until it had hardened sufficiently to 
receive the final curing mats. The frames used for protecting the con- 
crete during placing were sufficiently high to permit the equipment to 
pass under them and to accomodate the men working on the final finish. 
The frames used for the preliminary curing were low and were completely 
enclosed. 

During the summer of 1936, Mr. F. R. McMillan, of the Portland 
Cement Association, visited Germany and took a number of photo- 
graphs of the various paving operations in use that year. The authors 
have his very kind permission to include in this report several of these 
photographs, which illustrate the marked difference between the con- 
struction methods used by the Germans and those in use in this country. 

Fig. 9, 10 and 11 illustrate several operations on sections of the auto- 
bahnen just south of Stuttgart. The pictures were taken on July 23, 


*Further details regarding construction equipment are given in a pamphlet issued by the Ministry 
of Transport of Great Britain, entitled ‘Concrete Road Construction on the Reichsautobahnen” by F. G 
Turner—London. H. M. Stationery Office 1939. 
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Fig. 12a (top)}—Mixer spanning subgrade. Note industrial railway on right. 
Fig. 12b (bottom)—Dingler tamper in action 


wore 


1936, and this particular section-was inspected by the authors on July 
28, 1947, just 11 years later. Fig. 9 shows the spreading hopper moving 
forward under the sunshade and discharging concrete. The spreader 
was moving from right to left when the photograph was taken. Note 
the very dry concrete which is shown in greater detail in Fig. 10(a). 
Fig. 10(b) shows the Végele finisher starting its second pass. Fig. 11 
is a view of the final surface and also the woven reed curing mats which 
were left in place for 3 weeks and were kept continuously wet during 
that period. This view also shows the light rail which was used to 
carry the sunshade frames. In his notes accompanying the photo- 
i. graphs, Mr. McMillan states that the usual rate of progress using 
‘4 machinery of the type described was about 300 m (990 ft) in 16 hours 
for full-width construction of 7.5 m (24 ft 7 in.). 





Fig. 12, 13 and 14 illustrate operations on a section about 40 miles 
north of Kassel on which the Dingler machine was being used. Fig. 
12(a) shows the concrete mixer spanning the subgrade with the in- 
dustrial railway on the right. Fig. 12(b) shows the tamping machine 
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Fig. 13—Appearance of 
concrete before and after 
tamping 


Fig. 14—Sunshades used 
for preliminary curing 





in action compacting the lower course. 
of the concrete. 
tected by sunshades. 


Note again the dry consistency 
Also note that this particular operation was not pro- 


Fig. 13 illustrates the appearance of the concrete 
in thé surface course before and after compaction by the tamping screed. 


Fig. 14 shows the low sunshades which were used during the preliminary 
curing. — 


PRESENT CONDITION AS REVEALED BY SURVEY 
Structural defects 
The structural defects that usually develop in concrete roads in the 
United States were found in the German pavements. 


Transverse cracking was common and was not confined to any par- 
ticular part of the system. There seemed to be no relation between 
transverse cracking, terrain or soil conditions. In most instances the 
cracks were closed and were not discernible at speeds normally traveled 
by automobiles. In some cases the cracks were open and the expansion 
joints had closed. This condition was noted on a section just north of 
Géettingen, near Kassel. Transverse cracking seems to be most pro- 
nounced on the route from Hannover to Frankfurt through the Ruhr 
Valley, from Frankfurt to Kassel, and from Frankfurt toward Heidel- 
berg. The cracking shown in Fig. 15 is typical of that observed. 
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Fig. 15—Transverse cracking. Left—Kassel-Frankfurt. Right—Hannover-Ruhr. 


Spalling at transverse and longitudinal joints was found principally 
in the area around Frankfurt. At the transverse joints this appeared 
to be due in most instances to the infiltration of sand and other in- 
compressible debris into the joint and the subsequent overstress of 
the concrete upon expansion of the pavement. Fig. 16 illustrates the 
spalling at joints in the vicinity of Frankfurt. 


Faulting at joints and transverse cracks was observed in areas where 
there was evidence of an appreciable amount of traffic but in most 
instances was less than 44 in. At a location approximately 50 miles 
west of Kamen faulting of joints in the outside lanes of the pavement 
was found to be 4 to 34-in. Faulting in the outside lane in the Ruhr- 
Frankfurt area is shown in Fig. 17. The photograph was taken with 
the camera facing in the direction of the traffic and it should be noted 
that the expansion joints in the left lane which had not faulted are 
visible while those in the right lane had faulted sufficiently to be obscured. 


In the Munich to Salzburg section there were a few small corner 
breaks. With few exceptions, these were the only corner breaks found 
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in the entire mileage inspected. View of a small corner break which 
has been patched is shown in Fig. 18. 

Some faulting and some spalling were observed at the longitudinal 
center joints. In many instances the longitudinal center joint was 
crooked. The longitudinal joints shown in Fig. 19 are typical of the 
condition frequently observed. 


The riding surface of the pavement over a considerable portion of 
the mileage inspected was poor as compared to standards in the United 
States. For example, in the section from Berlin to Braunschweig the 
pavement was rough and there were many small areas where there was 
evidence that bush hammering had been resorted to in an effort to 
produce a better riding surface. On the other hand, there were many 
long stretches of smooth riding pavement. Here again, there appeared 
to be no relation between the degree of smoothness and soil conditions, 
terrain or other factors. 


Mud pumping and warping 

Evidence of mud-pumping at joints in the concrete pavement was 
not found on the aulobahnen. The absence of pumping over the areas 
where fine-grain soil subgrades predominate may be attributed to the 











Fig. 16—Joint spalling south of Frankfurt 
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Fig. egy eg faulting in 
outside lane in Ruhr- 
Frankfurt area 








Fig. 18—Patched corner 
break’ 





passage of relatively few heavy loads and to the use of a layer of granular 
material such as sand or sand-gravel under the pavement. The sealing 
of the expansion joints and cracks to prevent the entrance of surface 
water was inadequate. 


Warping was observed in a short section 31 miles south of Kdéln. 
The soil in this area is a silty clay and would be susceptible to sufficient 
volume change with an increase in moisture content from a dry compact 
state to cause warping. The layer of cohensionless granular material 
usually used under the pavement on the autobahnen would not be effective 
in preventing warping. Observation of this section was made during 
a light rainstorm and the water falling on the pavement was running 
away from the joints (indicating that they were high). This condition 
is illustrated in Fig. 20. A detailed examination of the soils in the grade 
and adjacent fields was not practical. 


The asphaltic surfaces of the paved shoulders were generally in good 
condition. Occasional local failures, as shown in Fig. 21, were noted. 
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Fig. 19—Faulting at longi- 
tudinal joint, Ruhr-Frank- 
furt region. In bottom 
picture longitudinal joint 
runs from lower left to 
upper right. . 








Fig. 20 — Warping ob- 
served during light rain 








Quality of the concrete 

So far as could be determined from an examination of the surface 
of the pavements and from chip samples taken from the corners or edges 
of the slabs, the quality of the concrete, with few exceptions, appeared 
to be excellent. The concrete had a good ring under the hammer and 
the difficulty which was encountered in breaking off the chip samples 
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Fig. 21—Bankette (paved 
shoulder) failure, Han- 


nover-Ruhr region 





revealed, in general, a high degree of strength and toughness. As a 
further check on quality, a number of the chip samples were examined 
under the microscope in an effort to determine something of the character 
of the matrix, the presence and nature of voids, etc. Thin section 
examinations were also made of many of the igneous aggregate types which 
were found in the samples. These data are summarized in Table 2. 

As will be noted, the-examination of the chip samples revealed the 
concrete to be generally of excellent quality. There was no evidence of 
excess water. On the contrary, with the exception of sample No. 7, 
which was of bridge concrete, such voids as were noted were quite 
large and evidently of air origin, indicating that mixtures of very dry 
consistency had been used. This is borne out by the construction 
record to which reference has already been made. The bond between 
matrix and aggregate particles was in practically all cases sufficiently 
strong to fracture the aggregate particles themselves, again revealing 
good strength and probably a high degree of durability. 

In the microscopic examination a magnification of 20 was used with 
a change to 50 when some special detail seemed to indicate the desir- 
ability of the increased power. In none of the specimens was there any 
evidence of water-gain beneath the lower surfaces of the aggregate 
particles. 


Surface texture 

A characteristic feature of the pavement surface is the general absence 
of the rather heavy mortar top which we frequently leave on our roads 
and which so often scales off, leaving the surface rough and unsightly. 
An examination of the surface indicated in most instances the use of a 
mix which contained just enough paste to fill the voids in the aggregate 
and leave a small excess for finishing. Surfaces were dense and compact 
with the coarse aggregate either just below the top or actually exposed 
in more or less degree. Typical views illustrating variations in the 
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TABLE 2—RESULTS OF MICROSCOPIC EXAMINATION OF CHIP SAMPLES 











No. Location Aggregate types Comment 
1 Hamburg-Bremen Coarse: Olivine basalt Aggregates: Sound. No weathered particles. 
Fine: Quartz, with sand- | Matrix: Mass crystalline. Excellent bond 
stone, quartzite and upon aggregate surfaces. 
chalcedony Fracture: Through aggregate particles. 

2 Frankfurt-Stuttgart | Coarse: Basalt Aggregates: Sound. No weathered particles. 
20 miles south of | Fine: Quartz, quartzite | Matrix: Mass crystalline and well bonded 
Frankfurt with some chalcedony to aggregate. 

and limestone Fracture: Through aggregate parcitles. 

3 | Frankfurt-Stuttgart | Coarse: Rhyolite Aggregates: Sound. No weathered material. 
34 miles south of | Fine: Quartz, feldspar and Matrix: Mass crystalline and well bonded 
Heidelberg chalcedony to aggregate. : 

Fracture: Through aggregate particles. 





Excellent bond. No limy deposit in air 








pockets. 
| 
4 | Stuttgart-Munich Coarse: Limestone and | Aggregates: Sound and strong. Break sur- 
} 15 miles south of syenite faces of yellowish tint. Possibly some 

Stuttgart Fine: Quartz, limestone, weathering. 
| chalcedonic chert, gran- | Matrix: Mass crystalline and well bonded to 
| ite, feldspar aggregate. No limy deposit in air voids. 
Fracture: Through aggregates. 

5 | Munich - Salzburg Coarse: Altered granite Aggregates: Sound. . 

20 miles west of Fine: Sandstone, quartz, | Matrix: Mass crystalline. Mortar Me 
| Austrian border granite, limestone, feld- dense, with fracture passing throug 
| spar nearly all aggregate particles. 

6 Hannover-Ruhr 30 | Coarse: Basalt Aggregates: Sound. unweathered materials. 
miles west of Bad | Fine: Quartz, quartzite, | Matrix: Mass crystalline. : 
Oeynhausen plus other unknown | Fracture: Through aggregate particles. 

fragments 

7 | Ruhr-Frankfurt Coarse: Basalt, feldspathic | Aggregates: Sound. No evidence of 

} (bridge) | sandstone weathering. 
| Fine: Quartz, syenite, feld- | Matrix: Mass crystalline. Water voids show 
spar, feldspathic sand- | no evidence of limy deposit. Strong and 
stone dense in appearance. 

8 Ruhr-Frankfurt Coarse: Basalt Aggregates: Sound. One weathered stone 
28 miles south of | Fine: Quartz, granite, particle. 

Leichingen | felsdpar Matrix: Mass crystalline with a few air voids. 


No evidence of limy deposit. Dense, 
strong concrete. 


9 | Frankfurt-Stuttgart Coarse: Granodiorite, feld- | Aggregates: Sound. 


20 miles south of spathic sandstone | Matrix: Light gray, mass crystalline. Few 
Frankfurt Fine: Quartz, quartzite, air voids. No limy deposit. 
feldspar Fracture: Few fractured aggregate particles, 


indicating lower bond strength than in 
other samples. 





surface texture are shown in Fig. 22. The upper left is a view of a 
surface on which the screed marks are still showing. The corrugations 
are quite shallow and are about 1 in. apart. This particular photograph 
was taken just east of the Bad Oeynhausen interchange on the road to 
Hannover. Other sections showed the same condition, particularly on 
the inner lanes, which of course carry less traffic. The upper right 
illustrates a fine grained sand finish texture which was also noted in 
several places; this photograph was taken on the same road about 5 
miles east of the Bad Oeynhausen interchange. 

The remainder of Fig. 22 illustrates varying degrees of coarse aggre- 
gate exposure. Note at lower right that coarse aggregate up to 1 inch 
in size, which is close to the maximum size used in the top course, is 
exposed. Many of the exposed aggregate surfaces are smooth with a 
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Fig. 22—Surface textures. Top, Hannover-Ruhr. Center, left 
right, Hamberg-Lubeck. | Bottom, left, Frankfurt-Kassel and right, Hannover-Berlin. 


Frankfurt-Stuttgart, and 


terrazzo-like texture, probably the result of slight surface wear. In 
many places this type of surface was noted in the center of the traffic 
lanes (particularly the outside lane) with the original thin mortar surface 
showing at the extreme edges. In other sections where the coarse 
aggregate was exposed, particles of the hard igneous rock protruded 
slightly above the mortar, producing a slightly rough surface. This 
condition may have resulted from the scaling off of the light surface 
mortar or it may have been the result of wear. It is difficult to de- 
termine the exact cause. However, it should be emphasized that the 
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Fig. 23—Surface scale, Munich-Salzburg area 


slightly rough surface is not objectionable from the standpoint of ride- 
ability. Neither should the exposure of the aggregate have any detri- 
mental effect on the ultimate durability of the concrete because of the 
excellent quality of both aggregate and concrete. 

There was evidence of surface grinding in several places. This was 
undertaken, evidently to correct irregularities resulting from the difficulty 
of finishing the very dry concrete which was generally used. 


Scale and disintegration 

With the exception of one section in southern Germany, the entire 
thousand miles of pavement covered by this inspection were found to 
be practically free from scale, either of the surface or of the progressive 
type. Only on certain stretches of the Munich-Salzburg section in 
Bavaria was surface scaling noted in any appreciable amount. Fig. 23 
shows (upper left) a general view of the pavement showing about the 
worst condition. This picture was taken about 20 miles west of the 
Austrian border at Salzburg. The other shots are details showing the 
type of scaling which has developed on this section. It is apparently of 
the surface type only; that is, the concrete below the scaled areas ap- 
peared to be sound. The two pictures at the left indicate a rather 
heavy layer of surface mortar at this point and this fact, coupled with 
the possibility that the winters in this region, due to its high elevation, 
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Fig. 24—Detail of scaled area a few 
+ 5 south of Frankfurt 
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Fig. 25 — Thin surface scale on 
Hannover-Ruhr section 








may be somewhat more severe than elsewhere in western Germany, 
may account for the scaling. However, in this connection it should be 
noted that, according to weather records:as shown in Table I, the average 
January temperature at Munich was only slightly tower and the annual 
rainfall only slightly higher than for the more northern cities. 


It has been stated that the distress which developed on the Munich- 
Salzburg section at a relatively early period was due to the use of in- 
ferior aggregate. A chip sample (No. 5 in Table 2) taken at the approxi- 
mate location shown in Fig. 23 did not, however, reveal the presence of 
an appreciable amount of inferior material, although the petrographer 
did indicate that the coarse aggregate in this sample was an “altered 
granite.” Just how much the generally poor subgrade conditions in 
this area or other factors may have contributed to the scaling is not 
known. 


Only isolated scaled areas, all of the surface type, were noted else- | 
where on the system. Fig. 24 is a detail of a local scaled area on the ' 
Frankfurt-Stuttgart section, a few miles south of Frankfurt. From 
the standpoint of general condition this is one of the poorest sections 
on the autobahnen. As previously noted, considerable spalling at joints 
(see Fig. 16) has also developed on this section. Fig. 25 is a detail 
showing a thin surface scale on the Hannover-Ruhr section, about 
30 miles east of the Bad Oeynhausen interchange. This pavement, 
as well as many other portions of the system, had evidently been sprayed 
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Fig. 26 — D-lines on 
Munich-Salzburg section. 








with bituminous material at some time, probably for camouflage pur- 
poses. The scale here is not deep enough to affect the riding quality of 
the surface. 


Incipient disintegration of the concrete, as revealed by the formation 
of so-called ‘“D-lines’”’ along the edges of the pavement and along joints 
was found at only one place on the system; a point on the Munich- 
Salzburg section where the worst scaling was found. The D-lines in 
this case were found along the outside (north) lane and were very fine. 
The condition is shown in Fig. 26. In the United States, cracks of 
this type have come to be associated with the beginning of disintegration 
due to accelerated weathering. 


The general freedom co: the motor roads from scaling and other troubles 
associated with severe weathering may be attributed to the following 
factors, the listing not necessarily in order of importance: 


1. The general excellent quality of the aggregates 


2. The low water-cement ratio (usually 0.45 by weight or less) 
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3. The practice of designing mixtures and compacting concrete in 
such a manner as to avoid the formation of a heavy surface 
layer of mortar 

4. The comparatively mild winters 

5. The fact that chloride salts were not used for ice removal 

6. Thorough curing. 


The possible influence of all of these factors is fairly obvious. The 
role of the cement is not so apparent. According to Swayze’s report 
the cements used in the autobahnen were distinctly inferior to those 
manufactured in this country. However, the concrete is good and 
from this fact we can conclude at least that it is possible to make good 
concrete with the German cements provided the other conditions are 
right. Whether these cements would perform any better than the 
American cements under conditions which prevail in the northern part 
of the United States is another matter. An intensive research program 
would be necessary to answer this question. 


SUMMARY AND RECOMMENDATIONS 


As mentioned in the body of the report, the comparatively light 
traffic on the German motor roads, particularly as regards the move- 
ment of heavily loaded vehicles, as well as the comparatively mild 
climate, make comparisons with the performance of concrete pavements 
in this country difficult. This is especially true if we attempt to compare 
the German primary roads with the heavy duty concrete pavements 
of the industrial states of the North and Middle West. Many of these 
roads undoubtedly carry a far heavier volume of truck traffic than any 
of the motor roads in Germany. The question therefore is: How would 
these roads perform under similar climatic and traffic conditions? It 
is of course impossible to say definitely. However, it is the authors’ 
opinion that these two factors; that is, the low volume of heavy truck 
traffic and the relatively mild climate, probably account for the com- 
parative freedom of the German motor roads from structural defects 
and that, under comparable climatic and traffic conditions, the structural 
performance of the German roads would be about the same as the 
average concrete pavement in this country. This opinion is borne out 
by the fact that structural failures such as joint spalling, faulting, etc., 
were found to be more numerous and, in general, more serious on sections 
of the system where the indications pointed to the heaviest traffic. 


In this opinion, the authors also recognize the beneficial effect of 
using a layer of granular material under the pavement, particularly 
with respect to the control of mud pumping at joints, a condition which 
was not found anywhere on the system. 
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The quality of the German concrete was excellent. Although the 
design strengths were not unusually high as compared to standards in 
use in the United States, the indications were that a high degree of 
uniformity was obtained. This may possibly be due to the care used 
in proportioning mixes, as for example, the use of several sizes of aggre- 
gate and the practice of limiting the maximum size in the top course 
to 30 mm (1.2 in.). Reference was also made to the general absence of 
the relatively heavy mortar top which we see so often on our roads and 
to the fact that this might have reduced the tendency to scale. It is 
believed that the principle of consolidating the pavement slab by vibra- 
tion is good although, in the authors’ opinion, the Germans may have 
gone too far in their effort to use excessively dry concrete. 
indicated by the rather rough surface with evidence of 
off of high spots which was occasionally noted. 


This is 
grinding 
However, the principle 
of using as dry a mix and as low-sanded a mix as can be consolidated 
properly by the effective use of vibratory equipment is good and, in 
the authors’ opinion should be encouraged in this country. 

The uniformly excellent durability of the concrete is probably also 
due in part at least to the excellent quality of the aggregates which 
were generally used. This is also a factor to which we might give more 
consideration in the United States. 

Also the probable influence of long continued and thorough curing 
should not be ignored. Whether the elaborate precautions for shading 
the fresh concrete from sun or wind were always necessary is proble- 
matical. However, the practice of thorough water curing, although 
old-fashioned in terms of modern American practice, is still, in the 
opinion of the authors, the preferred method. 

The survey revealed nothing regarding cement except that, regardless 
of the quality of the cement used, the quality of the concrete was excellent 
and also the fact that concrete containing the so-called Eisenportland 
or portland-blast furnace slag cement was, on the average, as good as 
concrete containing straight portland. Although it was impossible to 
determine on just what portions of the autobahnen the Eisenportland 
was used, it was known to have been used on about one-third of the 


total mileage. This fact would seem to warrant the statement that 
its performance was satisfactory. 


RECOMMENDATIONS 


As the result of their examination of concrete pavements on the 
German motor road system the authors recommend that steps be taken 


to initiate a comprehensive program of research on each of the following 
subjects: 
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1. A program to study the possibility of insuring greater uniformity 
in concrete for pavements by reducing the maximum size of the coarse 
aggregate. 

2. A program to develop more effective methods of compacting 


concrete in pavements by mechanical means, such as vibration, tamping, 
etc. 


3. A program to study the effects of variations in the chemical com- 
position of cements and the methods of manufacturing cements, on 
the properties of concrete. In this work the authors would go con- 
siderably outside the range in composition and fineness now being 
studied under the program of the “Long-Time Study of the Performance 
of Cement in Concrete.”* Work of this nature should be carried out 
by the manufacturers and might well be accomplished by an extension 
of the present program of the long-time study to cover these variables. 


*Chapters 1, 2, 3 and 4 of the report on this study have already appeared in this volume (44) of ACI 
Proceedings, ACI JourNAL, Feb. 1948, p. 441; Mar., p. 553; Apr., p. 745; May, p. 877. 
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Discussion of a paper by F. H. Jackson and Harold Allen: 
Concrete Pavements on the German Autobahnen* 
By A. E. WYNN, M. A. SWAYZE, NATHAN C. ROCKWOOD and AUTHORS 


By A. E. WYNN 


Since I inspected the autobahn from Cologne to Munich and Nurem- 
berg during construction in 1938, a few remarks to supplement those 
of Messrs. Jackson and Allen may be of interest. 

The original plan called for the construction of about 4,300 miles, but 
this estimate was later increased to 7,500 miles of motor roads. Con- 
struction increased from 280 miles in 1935 to 780 miles in 1937 and 
considerably more in 1938 (I was there in June). 


COSTS 


The expenditure on the first section—Frankfurt to Darmstadt— 
was estimated to be 1 million marks per km or, at that time (the mark 
being worth about tenpence) the equivalent of £67,000 per mile. The 
total expenditure was estimated to be about 350 million pounds. The 
cost of the concrete surface alone was about 10/- per sq yd, while the cost 
of the granite sett paving, where used, was given as 13/4d. per sq yd. 

One complete concreting plant cost about £25,000 which was amor- 
tized in 5 to 6 years. In the whole country 100 plants were in use. 

The type of bridge chosen was not necessarily the cheapest, but the 
one that would best fit in with the actual surroundings. Concrete 
three-hinged arches with open spandrels seemed to predominate and 
this type, it was stated, cost about 11/- per sq ft, while other types 
in concrete and steel cost up to 28/- and stone arches 55/- per sq ft. 


LOADING ON ROADS 


As far as I could discover, it did not seem that the concrete slab was 


designed for any particular wheel load or density of traffic. 


*ACI Journat, June 1948, Proc. V. 44, p. 933. 
tDirector, Concrete Association of South Africa, Johannesburg. 
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Fig. A—Tamping machine for finish grading 


On the Munich to Berchtesgaden road it was said that 39,000 cars 
passed in 2 days at Whitsuntide, a period of heavy traffic, these cars 
being counted in one direction, or about 1,200 cars per hour. 


SUBGRADE PREPARATION 


Particular care was taken on consolidating the subgrade, sometimes 
by individual tampers about 1 m in diameter and eften by very heavy 
compression machines tamping the whole width of pavement. 

Final grading was done by a grading machine traveling on the rails 
laid on the shoulders (Fig. A). This machine had a screed in front, 
followed by a wide plate tamper operated by a Diesel engine, and tra- 
veled in front of the mixing and placing plant. Just ahead of the tamper 
traveled a timber template from which timber fingers projected to 
check the correct finished grade. 

After finish grading, paper was laid over the subgrade between the 
shoulders. 


JOINTS 


The smooth subgrade, covered with paper, may have been the reason 
for placing the transverse joints (Fig. B) at fairly long intervals, 15m 
on the section inspected, since the slab had some freedom to move 
without being held by irregularities in the subgrade. The joints were 
16 mm thick and the lower part consisted of soft wood 14 em high and 
the upper part, 8 cm high, of poured asphalt. 

The top of the wood filler was rabbeted on the sides and, when the 
concrete had been poured to the top of the filler, a hollow sheet metal 
cap dipped in asphalt was placed over it, fitting into the rabbets. After 























CONCRETE PAVEMENTS ON THE GERMAN AUTOBAHNEN = 976-3 


the concrete had been poured to the top of the metal cap the edges of 
the joints were tooled to a 5 mm radius. 

A few days after completing the pavement, the metal cap was re- 
moved by picking it up at each end with a special tool, after passing 
steam over the joint from a kettle which was run on wheels over the 
joint. The asphalt stuck to the concrete and freed the metal cap. 
Paper was then inserted in the joint until ready to fill with poured 
asphalt. Extrusion of the asphalt was common, causing the joints to 
be felt when driving over them. 

Transfer dowels were placed through the center of the wood filler 
and were 22 mm diameter, 70 em long (not 35 em) and 25 em apart, 
with a tin sleeve on one half fitted with a cork at the end. 

Longitudinal joints were dummy joints consisting of a tapered wood 
block laid on the paper, 5 em high and tapering from 3 em wide at the 
top to 6 em at the bottom. 

On completion of the concreting a metal plate 8 mm thick was pressed 
5 em into the concrete over the block to cut a slot. The top of the plate 
projected above the surface and a tool fitting over it was used to round 
off the edges. The slots were filled with hot asphalt. Between the 
sides of the pavement and the shoulders there were paper joints only. 


SLAB THICKNESS, STRENGTH 


The slab was unreinforced, except over fills 2 m or more deep and on 
bad foundations, it being stated that 22 em of unreinforced concrete 


Pig gaa transverse joint, showing paper, dowels, supports and lower wood strip 
in place 
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Fig. C—Part of the battery of nine storage bins which dumped through weighing machines 
into trucks on light railway below 


was equivalent in strength to 20 cm of reinforced concrete and much 
cheaper. The concrete mix was approximately 1 part of cement to 6 
parts of mixed aggregate by weight, requiring 547 lb of cement per cu 
yd, while the water-cement ratio was 0.48. Compressive strengths 
obtained in the laboratory at 28 days varied from 500 to 600 kg per sq 
em or 7,000 to 8,500 psi, while tests on cores drilled from the pavement 
averaged 350 kg per sq cm or 5,000 psi. Flexural tests gave 75 to 80 
kg per sq cm or about 1100 psi. . 

These strengths are much higher than the average strength require- 
ments given by Messrs. Jackson and Allen. 


AGGREGATES 


Aggregates were graded to Dr. Graf’s curves for ideal and limiting 
grading. Seven to nine different grades were used, a typical selection 
being, in millimeter sizes, for sand 0 to 3 and 3 to 5; for stone 3 to 5, 
5 to 8, 8 to 12, 12 to 18 and 18 to 30. There was some overlapping in 
the sand grades and the smaller stone grades. 

The correct weight of each grade per batch was marked up near the 
weighing batcher under each bin and the dry weight, damp weight 
and percentage of moisture were given. A card with these figures 
went with each train of wagons from the proportioning plant to the 
job, a distance of from 2 to9 km. Each wagon of a train of nine passed 
in turn under the battery of bins (Fig. C) and past the cement storage 
shed, each finally holding sufficient materials for one batch. 
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CONTROL 


A good testing laboratory, was situated at each batching plant, where 
tests on aggregates, cement, crushing and bending of concrete specimens 
could be carried out. 

It was stated that about 1,000 technicians were employed in one 
district to build about 600 km of motorway which gives a high designing 
and supervision cost. 

Most of the cement seemed to be from the Dyckerhoff plant at Wies- 
baden and I think no slag cement was used, although I have no con- 
firmation of this. 


PLACING CONCRETE 


The concrete was placed in two layers with two separate plants, the 
lower one 15 em thick and the upper one 7 cm thick, and the mix was 
the same throughout. The reason given for laying in two courses was 
that the machines could not tamp or vibrate effectively a thickness of 
22 cm. 

The lower course was struck off at a depth of 17 em and was com- 
pressed to 15 em, the surface being left fairly smooth but with little 
mortar brought to the surface. 

The concrete for the top course was dumped by the spreader on to a 
platform 1 m wide, straddling the road, and not on to the lower course. 
Water was added to the concrete from watering cans to give a wetter 
mix before shoveling on to the lower course. The addition of water by 
hand seemed to nullify much of the scientific method used up to this 
point. 


Fig. D—Final finishing machine showing wooden platform following vibrator 
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This, and the shoveling by hand, was standard practice seen in several 
places and not an emergency operation. 

The only reason given was that the quantity of concrete to be handled 
was so small. 


FINISHING 


Following the finishing machine was a timber bridge (Fig. D) from 
which the surface was broomed. A smooth surface was obtained, but 
it was very wet, even running wet. It was said that the aim was to 
obtain a mortar film 2 mm thick. I told the engineers that I would 
be afraid of this film scaling off. 

Evidently, from the surface photographs in Fig. 22, this film has 
scaled off or worn away evenly to expose the aggregate. 

I would not call the climate in Munich comparatively mild unless 
it is compared with the worst extremes in the U. 8. A. All the time I 
was in Germany the temperature was well over 90 F. The climate 
would be comparable to that of Syracuse, N. Y. 


CONSTRUCTION PLANT AND PROGRESS 


Progress was at the rate of 160 m to 180 m per day of 12 hour shift 
and 250 m for a double shift, which is not particularly rapid for the 
amount of plant used. 

The train of plant, all running on rails, was in this order: (1) workmen’s 
canteen; (2) tool shed; (3) first mixer; (4) distributor; (5) wood bridge; 
(6) tamping machine; (7) second mixer; (8) distributor; (9) bridge; 
(10) vibrating and screeding maehine; (11) bridge; (12) shed for pro- 
tecting concrete and workmen; (13) curing covers about 100 m long. 


LABOR 


About 210 men were used on a contract of 9 km. The wages paid 
were 68 to 71 pfennigs per hour for common labor or the equivalent of 
about 7 pence, and 86 pfennigs to 1.10 marks, or say 9 pence to 11 pence 
per hour for skilled labor. 

The working day was 12 hours but one job visited started at 6 a.m., 
and they were still at work at 8 p.m. 

Workmen cycled in to work from distances as great as 20 to 30 miles 
and were paid extra for over about 6 miles. 

In 1938 there were hardly any cracks visible in the completed surfaces 
but the joints were distinctly felt due to extrusion of the filler. 

One of the most noticeable features was the care taken to maintain 
and create scenic effects, even at considerable expense. 
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To the causes listed by Messrs. Jackson and Allen for the apparently 
good condition of the roads I would feel inclined to add 


“7. The coarser grinding of the cement.”’ 


By M. A. SWAYZE* 


The study of the German auto roads made in 1947 by Messrs. Jackson 
and Allen of the Public Roads Administration has been a highly valuable 
undertaking. Their report confirms to a large degree observations on 
concrete made by the writer during a survey of the German cement 
industry in 1945 and a view of autobahn construction in 1938. Conclu- 
sions to be drawn from their inspection are so important that they 
should be drawn to the attention of all engineers in this country who 
are responsible for the quality of concrete pavements. 


Concerning German cement quality as used in the auto roads, my 
appraisal was not based entirely on the 1945 observations, but also 
on a previous Visit to Germany in 1938, and on examinations of a number 
of cement and clinker samples supposedly of best German quality 
submitted prior to 1938. The experience of competent British cement 
men confirmed my own observations, that in nearly all respects the 
German cements were inferior to those produced in England and the 
United States. Poorer control of raw mix compositions, decidedly 
lighter burning of clinker, and coarser cement grinding all contributed 
to this inferiority. The single advantage the German cements had 
over our own was in slightly better workability in concrete, due partly 
to their habit of grinding cement in open circuit mills, but mainly to 
the presence of considerable quantities of light burned material in their 
cement clinker, which would have a plasticizing effect. 


These cements, inferior to our own, yet producing concrete definitely 
more resistant to weathering than the non-air-entraining types in this 
country, therefore present a problem that can only be answered by 
inquiry into the German methods of paving. Structural defects, such 
as transverse cracking, spalling and faulting at joints and warping of 
slabs are all attributable to either slab design or to stability of the sub- 
grade, and hence do not enter into the question of concrete durability as 
influenced by cement quality, composition and other factors which we 
consider so important. 

What then are the differences between the German methods and our 
own which produce superior concrete surfaces with inferior cements? 
The answers are mainly contained in the Jackson-Allen report, but in 
some cases need emphasis to drive home their significance to the engi- 


*Director of Research, Lone Star Cement Corp., New York, N. Y. 
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neer in charge of paving work. In order of their sequence in pavement 
construction, but not necessarily in importance, they are: 

1. Preparation of the subgrade. 

2. Quality of aggregates and uniformity of individual batches. 

3. Low water-cement ratios. 

4. Methods of finishing and curing. 


SUBGRADE PREPARATION 


The principal objective of the Germans was to keep water away from 
the bottom of the concrete slabs. Elevation of slabs on slight embank- 
ments, use of granular materials in these embankments incapable of 
holding water, or impervious layers such as a bituminous stratum, all 
assisted in immediate drainage of rain or ground water away from the 
concrete. Another practice in general use, not mentioned in the report, 
but clearly discernible in photographs accompanying it, was to place 
a layer of waterproof kraft paper on the subgrade just before the con- 
crete was deposited. 

It is noteworthy that granular layers for drainage below the roadway 
were carried to the full width of the embankment, and not merely in the 
area under the slab. The latter practice is used here in some states, 
and a storage pool of water can occur wherever the shoulders and sub- 
grade of the road are composed of impermeable material. 


QUALITY AND GRADING OF AGGREGATES 


Only aggregates of proven durability were used in any part of the 
slab, and in the top course a high wear resistance was also demanded. 
The most important difference from American practice, however, was 
in the manner of proportioning. Sands were divided into at least two 
size fractions, and coarse aggregates usually into three or four. Since 
these graded sizes had practically no tendency to segregate in storage, 
their later proportioning, always by weight, provided an exceptionally 
uniform grading and therefore uniform workability in individual batches. 

Where concrete materials are proportioned by weight for a carefully 
designed concrete mix, the importance of uniform fineness gradation, 
especially of sand, cannot be too strongly emphasized. Fineness moduli 
of sand stock piles can easily vary from 2.50 to over 3.00, depending on 
where test samples are taken. This variation represents a wide variation 
in water requirement of concrete mixes, and also in relative workability. 


LOW WATER-CEMENT RATIOS 


While the German method of concrete mix design was primarily on 
the basis of strength, with maximum and minimum limits on cement 
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content and on water-cement ratio as incidental requirements, the use 
of very dry zero slump mixes almost invariably resulted in a water 
content equivalent to 5.0 gallons of water per U.S. sack or less. Further- 
more, since the grading of the aggregates and cement contents of all 
batches was highly uniform, the water-cement ratio was also constantly 
low. 

The importance of this single feature is highly significant, when it 
is realized that cement pastes made with water contents of 4.5 gallons 
per sack or less contain no freezable water, regardless of their degree of 
saturation. Where no freezable water exixts, no damage can be done 
to concrete by frost action. 


FINISHING AND CURING 


The use of a tamping type of concrete finisher in-place of our usual 
power screed has been fully appreciated by the authors, but there is 
some doubt if they have realized the full significance of the sunshades 
which followed the final finishing and brooming of the road surface. 
The main point is easily missed unless one can follow an actual paving 
operation through at least a day’s run. 

The important feature of the line of low tents following the final 
finishing was that this treatment delayed the need for applying water 
to the surface of the concrete for at least 5 to 6 hours or longer. 

After compaction of the concrete and finishing to the final grade, 
there was enough water in the very dry mixes used by the Germans to 
show some bleeding at the surface. At the end of this bleeding period 
T. C. Powers has shown (P.C.A. Research Bulletin 2) that there exists 
in any concrete slab a zone of maximum compaction at the bottom, 
a transition zone of variable but increasing water content above it, 
and near the top a third zone of highest and constant water content 
and constant rate of settling up to the time of the beginning of set. 
This condition of lowest water-cement ratio at the bottom and highest 
at the top of the slab is exactly opposite from the one which is needed 
for high surface resistance to frost action. Finishing of the slabs— 
surface brooming and troweling of edges—must follow the cessation 
of bleeding rather closely, or the concrete will have lost workability. 

If application of curing water following finishing operations is delayed, 
the excess water near the top of the slab will gradually be redistributed 
through the section by capillary action as the cement gradually com- 
bines with water. If curing water is applied early after finishing, ab- 
sorption of this water will tend to maintain the higher water ratio at 
the surface. 

The use of the low tents by the German road contractors was quite 
effective in preventing evaporation from the surface, which would have 
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resulted in formation of shrinkage cracks. Consequently, they were 
able to delay actual water curing until after the concrete was well along 
in the hardening process. (Note Fig. 11 of Jackson-Allen report, with 
workman standing on the hardened surface.) 

This delay in application of curing water in the writer’s estimation 
ranks high among the several reasons for the high durability of the 
German concrete. The principle involved is to prevent evaporation of 
water from the fresh concrete surface, which would result in hair-checking, 
shrinkage cracks or a chalky finish, until hardening of the slab is well 
along. It can be accomplished by damp curing mats as easily as by the 
more cumbersome tent. 


CONCLUSIONS 


The deductions'to be drawn from the Jackson-Allen report are most 
important. They are: 

1. When all of the essentials are observed for the manufacture of 
good concrete—sound aggregates with a constantly controlled grading, 
use of water-cement ratios in the range where there will be little or no 
freezable water in the hardened concrete, and delay in application of 
curing water—then a highly durable concrete surface can be obtained 
even with relatively low quality portland cements. 

2. Conversely, if the above essentials for good concrete are not ob- 
served, especially those which affect the water content of concrete at 
the surface of the slab, then all of the refinements that can be applied 
in the manufacture of portland cement in this country will be no guaran- 
tee of stable concrete surfaces. _ 

The advent of air-entraining portland cements here has done much 
to stop the formation of the distressing amounts of scale which have 
shown up on our northern concrete highways since demands of. the 
road-traveling public forced an active program of snow and ice removal 
from our roads some 20 years ago. 

The use of these air-entraining cements, however, should not halt the 
quest for means to produce better concrete. While roads made with 
air-entraining portland concrete have shown an excellent durability 
record over the past 10 years, it would be futile to argue that their span 
of useful life might not have been increased if the meticulous pains 
taken by the Germans had also been observed. 


Therefore, the several programs of research suggested by Jackson and 
Allen are highly in order, especially those which concern the proper 
design and control of concrete mixes, and effect of water-cement ratio, 
compaction, finishing and curing practices on the stability of concrete. 
When the importance of all these factors is fully appreciated and applied 
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in concrete construction practice, then the third program on effects 
of minor variations in cement composition and manufacturing methods 
will have much less importance. 

Cement producers in their own research laboratories, and in the ex- 
panded program of the Portland Cement Association at its new research 
laboratory, undoubtedly will continue to study cement constitution 
and means for producing the highest quality of cement for durability in 
concrete. The greatest need at present, however, is the knowledge of 
how to use what we already have in the proper manner. 


By NATHAN C. ROCKWOOD* 


The authors of this paper are to be commended for being as open- 
minded as we think American engineers always should be. They admit, 
although rather cautiously, that all things considered our late enemies 
have done a somewhat better job of concrete highway paving than we 
have in the U. 8. A. Myron A. Swayze, in his paper “Observations of 
War Damage to Concrete and to Cement Industry Properties in 
Germany” in the ACI Journat, February, 1947, made much the same 
admission, and more enthusiastically. 

These concessions by American concrete experts are the more inter- 
esting because, when conditions were reversed, in the early 1930's, and 
German experts were examining our concrete pavements and cement 
mills, they let it be known that they were not particularly impressed; 
that as a matter of fact there wasn’t much of value for them to learn 
over here. Apparently experience has justified their conclusions, and 
so we find Americans willing to admit that maybe there is something 
of value to be learned from German practice, which Mr. Swayze de- 
scribed as ‘‘meticulous care in laying, finishing and curing.’”’ The only 
reference he makes to the quality of construction materials is to the 
cements, which he says are inferior to our own product “in composition, 
control, soundness and uniformity of clinker.”’ 

Messrs. Jackson and Allen are content to quote Mr. Swayze’s opinion 
of the quality of the cements (with tongue in cheek, perhaps). They 
acknowledge that these cements were undoubtedly lighter burned and 
coarser ground products than ours, and probably most of them con- 
tained at least 30 percent ot blast-furnace slag interground with the 
clinker. The authors were not able to tell from the condition of the 
pavements where the straight portland cement and where the cement- 
slag mixtures had been used—both cements having made equally good 
concrete. 

Apparently the German aggregates were more carefully prepared and 
handled than is common American practice, which obviously would have 


*Editorial Consultant, Rock Products, Chicago, Ill. 
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permitted better size gradation and hence a more workable, drier mix 
than we are accustomed to. Mr. Swayze attributed the generally 
recognized better workability of the German concrete mixtures to “the 
presence of the underburned and dusted material in their clinker;’”’ but 
is it not quite possible that it was due to a better distribution of particle 
sizes in both cement and aggregates, since nothing is niore important 
to plasticity than proper grading from the smallest particle of cement 
to the largest coarse aggregate. Coarse cement particles, regardless of 
whether they have any value as cement, at least do fill a gap in the 
particle size gradation between the fine aggregate and the finely ground 
cement. That function can be very important in determining the physical 
properties of the concrete. 


Because of superior workability, it appears to have been possible to 
use relatively dry mixtures and to consolidate the materials by me- 
chanical tamping methods. Merely trying to imitate their placing 
methods with our materials, therefore, might not necessarily accomplish 
the same results. In other words if our very ‘finely ground cements 
and relatively coarse, ill-graded sands, result in much gap grading, as 
may well be suspected, no amount of tamping dry mixtures would 
result in same kind of concrete the Germans were able to achieve. 


Obviously, we cannot ignore the materials used and give all the credit 
to workmanship, and the paper of Messrs. Jackson and Allen is of 
special interest because it shows a conscientious effort to appraise the 
part played by the materials in the whole picture. Nevertheless, it 
does not seem that they have placed the emphasis on some of the things 
that appear to have been important factors in the success of the German 
autobahnen. As a result of their studies, they recommend reducing the 
maximum size of coarse aggregate. That seems to be only one factor 
in the better workability of the concrete; more important is the right 
distribution of sizes from finest to largest. They recommend more 
attention to methods of compacting the wet concrete. Here, again, 
we must first be able to achieve a workable, dry mix. They recommend 
more study of “the effects of variations in the chemical composition of 
cements and the methods of manufacturing cements on the properties 
of concrete.” 

If Mr. Swayze’s and Messrs. Jackson’s and Allen’s papers prove any 
one thing conclusively it is that the Germans are very little concerned 
with the chemical composition of their cements; that they judge them 
solely by their physical properties. Since Mr. Swayze says that much 
of their clinker is still made in vertical shaft kilns, and in his words, 
is of a quality nothing less than ‘‘atrocious,”’ and that all their rotary 
kiln clinker is underburned by our standards, it would certainly look 
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as if the effects of “the methods of manufacturing cements on the 
properties of the concrete” are vastly over-rated in the U. 8. A. 


Regardless of the effect of the quality of the cement and aggregates 
on the quality of the concrete, Messrs. Jackson and Allen, while they do 
mention it, apparently do not deem it of sufficient importance to include 
in their recommendations, the one point which seems to us all important. 
That is the alignment of the highways, their drainage features, and the 
preparation of the subgrade. Not only was surface water prevented 
from entering by making good impervious concrete, but subsurface 
water was kept out by placing the slab well above ground level and by 
preventing the rise of capillary ground water into the concrete from 
below through use of granular material on the subgrade. 


The importance of a drainable subgrade through which capillary 
water will not rise was emphasized in all the textbooks on highway 
engineering in the days when most of us were in college; yet for a long 
period it appeared to be entirely neglected in American practice. Only 
within the last few years are many highway engineers applying such 
fundamental precepts, and then only after bitter experience. We think 
Messrs. Jackson and Allen should have emphasized the fact that German 
engineers apparently recognized from the start that no concrete pave- 
ment would be good for long if adequate drainage and sub-base were 
neglected. 


There is another advantage in a granular soil or sub-base that engi- 
neers almost invariably overlook, although it is a phenomenon of the 
setting of wet mortar and concrete observed as long ago as the days of 
Le Chatelier. It is this; there is always more water in a concrete mix 
than needed for chemical reaction with the cement. Hence, the excess 
must be gotten rid of. Ordinarily, in a concrete pavement slab, this 
excess water rises to the surface by capillarity and evaporates. In 
doing so it leaves open channels into the interior of the concrete mass, 
so that the reverse process ensues when the top of the pavement is wet. 
On the other hand if the slab is cast on a porous or absorptive base 
material, it will draw the excess water downward, closing the pores 
and channels in the mass by capillary attraction as it leaves. Le Chatelier 
fully demonstrated this drawing together of the particles of cement and 
aggregate when the concrete was cast on a porous base in the closing 
decade of the last century. 


AUTHORS’ CLOSURE 


Mr. Swayze appears to be convinced that the cements used in the 
construction of the autobahnen were definitely inferior to the cements 
now being manufactured in England and the United States. He bases 











976-14 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1948 


this conclusion on observations made during a visit to Germany in 
1938 and on inspections of samples of German cements and clinkers 
made prior to that time. The authors will agree completely with Mr. 
Swayze’s conclusion provided he will qualify it by the addition of the 
important phrase “as judged by modern American standards.’ The 
authors agree with Mr. Swayze that the German cements probably 
differed in many respects from our modern American product. However, 
they do not agree that this necessarily made them “inferior.” Is it 
not just possible that these German cements possessed some of the 
properties of our so-called ‘‘old-fashioned”’ cements, about which much 
has been said but little is known, except that they did make good con- 
crete? It is this question which prompted recommendation No. 3 of 
the report. 


It should not be inferred from the above that the authors feel that 
quality of cement is the only factor or even the most important factor 
in controlling concrete quality. Quality and grading of aggregates, 
low water-cement ratio and thorough curing are all important and were 
all stressed in the report. However, to call the German cements inferior 
simply because they failed to meet our present day standards of quality 
is to ignore entirely the possibility that they may have possessed certain 
properties which are lacking in our modern cements and that some of 
these properties may have contributed either directly or indirectly to 
the general excellence of their concrete. The plain fact is that we do 
not know and, until we take steps to find out, the question will remain. 

Mr. Swayze presents a very interesting theory regarding the delayed 
application of curing water and its effect on the water-cement ratio 
and consequently on the durability of the top portion of the concrete. 
The authors certainly feel that thorough curing ranks high as one of 
the reasons for the excellent quality of the German concrete. They 
also agree that the use of cotton mats for initial protection would be 
just as satisfactory and far less costly than the sun shades which were 
used by the Germans. 


Finally, the authors wish to endorse Mr. Swayze’s statement that 
the improvement in durability brought about by air entrainment should 
not be allowed to “halt the quest for means to produce better concrete.”’ 
The programs of research suggested by the authors are all directed 
toward that objective. 


The authors agree with Mr. Rockwood that the meticulous attention 
paid by the Germans to the matter of aggregate gradation probably 
accounts in large measure for their success in the use of dry mixtures. 
It is possible that this fact was not emphasized sufficiently in the report. 
However, entirely aside from the matter of gradation, the authors feel 
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that serious attention should be given to the question of reducing the 
maximum size of the coarse aggregate with resulting improvement in 
uniformity. It is gratifying to note that since the publication of the 
report the authors have received numerous comments from highway 
engineers generally endorsing this thought. 

Mr. Rockwood feels that sufficient emphasis was not placed in the 
report on the importance of highway drainage and subgrade preparation. 
The authors agree that the application of fundamental principles of 
drainage and subgrade support were important factors in contributing 
to the general freedom of these roads from serious structural defects. 
However, it must not be forgotten that the comparatively small amount 
of very heavy traffic (in terms of American practice) was also probably 
a factor. The reason the authors did not include a statement regarding 
drainage and subgrade treatment in their recommendations is that these 
practices have now become fairly well established in this country. The 
need for research along these lines is not now as great as is the need for 
a more general and widespread application of the principles which have 
already been established. 

Regarding the last point raised by Mr. Rockwood, the authors regret 
that no mention was made in the report regarding the practice of using 
a layer of waterproof paper on the subgrade. By this practice all moisture 
loss from the concrete to the subgrade was of course prevented. 

Mr. Wynn supplies many items regarding construction details and 
costs which were not included in the report. In certain cases his de- 
scriptions differ in detail from those given in the report. These apparent 
discrepancies can, for the most part, be explained by the fact that, 
whereas the general principles of design and construction used by the 
Germans were fairly well standardized, individual projects probably 
varied considerably, both as to cost and in the details of construction. 
There are two points, however, which should be clarified. First, Mr. 
Wynn speaks of dowels 70 cm long and not 35 em. The 35-cm dimension 
given in the report refers to the distance which the dowel projected 
into the concrete on each side of the joint, making the total length 70 
em. Second, Mr. Wynn indicates that it was general practice to dump 
the concrete for the top course onto a platform straddling the road and 
then to add water from a sprinkling can to give a wetter mix before 
shoveling onto the lower course. The authors, of course, did not see 
any construction. However, F. R. MeMillan, of the Portland Cement 
Association, whose construction photographs appear in the report, 
observed the construction operations on four widely separated projects 
in 1936. Nowhere in his report does he make reference to the practice 
cited by Mr. Wynn. The authors are advised also that Mr. Swayze 
found no evidence of this practice during his inspection of construction 
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operation in 1938. It is difficult to believe that any such practice was 
followed generally. 


In conclusion, the authors wish to stress again the need for research 
in the field of concrete pavement construction. It should be obvious 
to anyone who gives thought to the matter that much of the potential 
strength and durability of concrete as a paving material is lost in actual 
construction in this country because of our emphasis on speed of con- 
struction. We are entirely too prone to ignore or minimize the impor- 
tance of any construction detail which tends to increase the cost of the 
work, forgetting that low first cost does not always mean true economy. 
Concrete pavements are an expensive type and many millions of dollars 
are invested yearly in their construction. If by the introduction of 
such construction practices as (1) more careful control of aggregate 
gradation (including the use of two or more sand sizes, if necessary), (2) 
more efficient methods of mixing and placing really dry concrete (14-in. 
slump or less) and (3) more efficient curing methods, we can prolong 
the useful life of our concrete pavements to an appreciable degree, the 
added first cost will be well worthwhile. 
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Concrete Deterioration in a Shipway* 
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SYNOPSIS 


Concrete in the gate structure of a large submerged shipway in the 
southeastern United States began to deteriorate two years after con- 
struction was completed. The defects included abnormally low strength 
of some of the concrete and numerous cracks which became progress- 
ively wider. An investigation of the cause of deterioration, begun at 
this time, included microscopic examination and chemical analyses of 
core specimens, chemical analyses of specimens of water issuing from 
relief pipes in the pier, frequent crack surveys, periodic measurement 
of change of length of the pier and change of width of two of the chief 
cracks, and compression tests on selected core specimens. On the basis 
of the data obtained by these various methods, it was concluded that 
detrimental processes of two types are taking place in the concrete. 
One of these causes expansion of the central part of the pier and thus 
leads to cracking at the pier surface. This process is ascribed to a re- 
action between hydrated cement and sulfates and/or other substances 
normally present in sea water. The other process produces a local 
softening or ever. complete disintegration of the concrete. It appears 
to be due chiefly to a chemical reaction between the paste and carbon 
dioxide which is present in unusually high concentration in the water 
percolating through the structure. 








INTRODUCTION 


The concrete structures described in this article are parts of the 
' northernmost of two similar and adjacent submerged shipways which 

were constructed in one operation in 1940 and 1941 at Newport News, 
| Virginia. Their design and construction has been described by Acker- 
| man and Jansen! (1943). Three concrete piers, known as the north, 
| middle, and south piers, provide the lateral supports for the two floating 

gates which close the outboard ends of the two shipways. Both the 
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Fig. 1—Condition of north pier in 1944 


north and the south piers are massive, whereas the middle pier contains 
a chamber occupied by machinery. 

During the summer of 1943, it was noted that conspicuous cracks had 
developed in the concrete of the gate structure. At that time, these were 
attributed to differential settlement and Dr. Karl Terzaghi was _ re- 
quested to investigate the causes. After an examination of the structure, 
Dr. Terzaghi expressed the opinion that the defects were probably due to 
deleterious water and not to unequal settlement. 

‘So far as we now know, deterioration is limited to the north pier and 
the sill of the north shipway. Fig. 1 is an isometric drawing of this pier 
and the adjacent parts of the sill and floor of the north shipway. The 
north pier is 80 ft long and 35 ft wide; its height, measured from the 
top of the sill, is 48 ft. The top of the pier is 8 ft above mean high water 
and its elevation is 108 ft with respect to the shipyard datum. Unless 
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otherwise noted, all elevations refer to this datum, which is 100 ft below 
mean high water. 


PROPERTIES OF CONSTRUCTION MATERIALS USED IN THE SHIPWAYS 


Aggregate of good quality from a single source was used for all parts 
of the shipways, including those in which no deterioration has taken 
place. The design of the mix and the methods of manufacturing and 
placing the concrete conformed to recognized standards of present day 
practice, and all the evidence indicates that the concrete was initially 
of excellent quality throughout. 

Two different brands of cement were used in the shipways. One of 
these, a Type II cement with a low tricalcium aluminate content (3 
percent) was used in the south and middle piers and in the sill section of 
the south shipway. In other parts of the shipways, including the north 
pier and the sill of the north shipway, wartime shortages made it nec- 
essary to use a Type I cement, which has a considerably higher tricalcium 
aluminate content (12 percent). Excessive cracking is at present limited 
to Type I cement concrete which is exposed to sea water. In those parts 
of the structure which are not exposed to sea water, the performance of 
the Type I cement concrete has been satisfactory. These relationships 
are in accordance with the theory that resistance to sulfate attack 
increases with decreasing tricalcium aluminate content. However, 
it is still too soon to conclude that either the Type II cement used on the 
project or any other Type II cement is completely immune to attack 
under the conditions existing at the site of the north shipway. This 
conclusion could be established only on the basis of case histories covering 
a long period of time. 

The composition of both cements and additional details regarding the 
concrete are given in Appendix A. 


CHEMISTRY OF WATER IN CONTACT WITH CONCRETE 


General statement 

Kvidence from several sources indicates that water in contact with the 
concrete carries highly deleterious constituents in solution. Among the 
most direct and readily visible evidence of this kind is the fact that water 
flowing from several of the relief pipes in the floor of the north shipway, 
about 100 ft from the gate, had, in 1944, conspicuously softened the con- 
crete to a depth of ' in. or more in the vicinity of the weephole. Hence 
the chemical composition of the water in contact with the concrete is of 
primary importance. 
Evidence of presence of carbonic acid 

Concrete in the shipways is exposed to water of at least three types: 
fresh water rising from sediments underlying the shipways, sea water, 
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and brackish water representing a mixture of the first two types. It may 
safely be assumed that all, or nearly all, of this water is characterized by 
an abnormally high gas content, since there is a continuous evolution of 
gas bubbles both from the sea water and from water issuing from most 
of the cracks and relief pipes throughout both shipways. Much of this 
gas contains hydrogen sulfide and a combustible constituent, probably 
methane, which is one of the common products of the decomposition of 
organic matter. Since methane is generally associated with carbon 
dioxide, its presence suggests that the water also contains carbonic acid. 

As a precautionary measure, the contractor had samples of the water 
analyzed in 1941, when the presence of gas in it was first noted. How- 
ever, at that time, the conditions under which carbon dioxide can attack 
eoncrete were not generally understood, and the significance of the 
analytical results was not appreciated. These conditions will be briefly 
discussed in the following section. 


Conditions for attack on concrete by dissolved carbon dioxide 

Carbon dioxide occurs in several different compounds in natural waters. 
One of these is carbonic acid, H.CO;, formed when carbon dioxide is 
dissolved in water. For our purposes it may be assumed that all of the 
carbon dioxide not otherwise combined is present in this form, which is 
also known as free carbon dioxide. If water containing carbonic acid 
comes into contact with a sediment or a sedimentary rock containing 
calcium carbonate, some of the carbonic acid reacts with carbonate to 
produce the moderately soluble calcium bicarbonate which is then 
carried off in solution in the water. 

Calcium bicarbonate can exist only in the presence of carbonic acid. 
Unless there is a sufficient quantity of this acid in solution, calcium 
bicarbonate decomposes to form carbonic acid and calcium carbonate. 
As a consequence of this reaction, calcium carbonate is precipitated. 
The quantity of carbonic acid (free carbon dioxide) required to prevent 
decomposition of calcium bicarbonate increases with increasing calcium 
bicarbonate concentration and in general decreases with increasing con- 
centration of other dissolved substances. The relation between calcium 
bicarbonate concentration and the minimum concentration of carbonic 
acid required to prevent its decomposition in distilled water and in 
brackish water is represented by the curves in Fig. 2. Such curves will be 
referred to as carbonic acid-ealcium bicarbonate equilibrium curves. 


When water containing carbonic acid comes in contact with concrete, 
there is an immediate reaction by which calcium hydroxide present in 
the paste is converted to calcium carbonate. The reaction may be 
represented as follows: 

Ca(OH), + HCO; = CaCO; + 2H.0...... 5 oak (1) 
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Fig. 2—Solubility of calcium bicarbonate as a function of carbon dioxide concentration in 
distilled water (Frear and Johnson 1929) and in brackish water containing 40 to 50 percent 
sea water (based on data given by Revelle and Fleming 1934 and by Sverdrup, Johnson, 
and Fleming 1942). Lettered circles represent analyses of weephole water from north 
shipway. 


If the water originally contained just enough carbonic acid to prevent 
decomposition of the bicarbonate present in solution, the concentration 
of carbonic acid after reaction (1) has taken place will be insufficient to 
prevent such decomposition, because the concentration of carbonic acid 
has decreased as a result of the reaction. Hence some of the calcium 
bicarbonate originally present in the water will break up to form the 
nearly insoluble compound calcium carbonate. This substance will be 
deposited on the surface of the concrete or in the pores near the surface, 
where it may serve the useful purpose of reducing the porosity and per- 
meability of the concrete. 

If, on the other hand, the water contains more carbonic acid than is 
necessary to prevent decomposition of calcium bicarbonate already 
present, some of the excess acid can react with the calcium carbonate 
formed by reaction (1) as follows: 

CaCO; + HeCO; = Ca (HCOs)s... ; ojals wid Ce 


In this way the relatively soluble calcium bicarbonate is formed and 
carried off in solution. Thus the porosity and permeability of the con- 
crete are increased. 

It should be noted that not all of the excess carbonic acid originally 
present can take part in reaction (2). Some of it must be, so to speak, 
held in reserve in order to prevent decomposition of the additional 
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calcium bicarbonate formed by that reaction. The portion which can 
take part in the reaction is known as aggressive carbon dioxide because it 
is this portion which attacks concrete. 

The concentration of aggressive carbon dioxide may be estimated 
by a simple graphical method explained in detail elsewhere (J. M. 
Kolthoff* 1922, R. D. Terzaghi, in preparation). The method is illus- 
trated by Fig. 2. If point k represents the original concentration of free 
carbonic acid and calcium bicarbonate in a specimen of water, the line 
km’ with a slope equal to —1 is the locus of points representing the con- 
centration of these two substances in the water after it has reacted with 
varying quantities of calcium carbonate. If the water contains no dis- 
solved material other than carbon dioxide and calcium bicarbonate, 
equilibrium between the two substances is represented by the curve for 
distilled water, and the quantity of aggressive carbon dioxide in the 
water is represented by the line kl. For brackish water containing 
roughly 40 to 50 percent of sea water, the concentration of aggressive 
carbon dioxide is indicated by the length of the line km. It is more than 
twice as great as the quantity of aggressive carbon dioxide in the speci- 
men of fresh water, although the total concentration of carbon dioxide 
and of calcium bicarbonate is identical in both cases. 

Chemical analyses of water 

On July 31, 1941, a sample of water was taken from each of six relief 
pipes in the gate structure. Each sample was placed in a bottle filled to 
the top before capping and sent to Froehling and Robertson, Inc., of 
Richmond, Virginia, for analysis. 

Essential information regarding the analyzed specimens is summarized 
in Table 1.. The percentage of sea water in each sample was computed 
from its chlorine content. The free ¢arbonic acid concentration was 
estimated from the pH values, and bicarbonate concentration reported 
by the analysts, on the basis of chemical constants given by Sverdrup, 
Johnson, and Fleming’? (1942). The concentration of aggressive carbon 
dioxide was estimated by the method illustrated in Fig. 2. The concen- 
tration of free éarbonic acid and of calcium bicarbonate in each specimen 
are also shown in Fig. 2, where they are represented by a circle bearing 
the letter of the analysis. 

The figures for total free carbon dioxide and aggressive carbon dioxide 
given in Table 1 must be regarded as minimum values, because some of the 
carbon dioxide originally contained in the water undoubtedly escaped 
during the collection of the samples and their subsequent storage prior to 
analysis. Nevertheless, one of the specimens contained a rather high 
concentration of aggressive carbon dioxide, 57 mg per |. Since water 
containing as little as 23 mg of aggressive carbon dioxide per | has been 
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TABLE 1—pH ore ye WATER AND CARBON DIOXIDE CONTENT OF 


ANALYZED SAMPLES OF WEEP HOLE WATER 
Sample | A B C D E F 
pH.. 7.5 7.6 6.9 7.3 7.8 7.3 
Percent sea water. ; | 53 42 33 59 51 41 
Free CO2, mg per 1... 13 19 99 20 7 55 
Aggressive CO2, mg per |. . 5 0 57 19 0 0 


known to disintegrate small bodies of concrete within a short time 
(Biehl? 1928, Kleinlogel® 1930) the presence of as much as 57 mg per | 
must be regarded as a definite danger signal. 


CRACKS IN CONCRETE AND IN GRANITE BLOCKS OF GATE SEAT 


The concreting of the north pier was completed in the autumn of 1941. 
At some unknown time prior to July 1943, cracks developed in the north 
pier and in the sill of the north shipway. By July 1943, they had become 
so conspicuous that an investigation of their cause was considered 
advisable. 

Beginning at this time the location of cracks was determined periodi- 
cally and recorded by means of photographs and sketches. Fig. 3 is a 
photograph of the south face of the north pier taken in August 1943. 
Fig. 1 shows the cracks which were present in 1944. At this time, the 
width of the crack at the horizontal construction joint at midheight 
of the pier was from 14 to %4 in. Most of the others were about 4% in. 
wide. Throughout the period during which the pier was frequently 
examined (1943 to 1946), new cracks developed and the width of many 
of the older ones increased appreciably. Detailed information regard- 
ing changes in width of two of the cracks is contained in the following 
section, “‘Amount of Volume Change.” 

Cracks also developed in the granite blocks forming the gate seat. 
These cracks were first discovered in October 1943, a few months after 
the first survey of cracks in the concrete was made. At that time, 
several of the five blocks which are above low water were cracked. By 
March 1944, three additional cracks had developed. Between March 
1944 and March 1945, three more cracks formed in the uppermost five 
blocks, and there were two cracks near the top of the sixth block from 
the top, which probably were not present in March 1944. 

Additional information on the condition of the granite blocks was 
obtained in March 1945, when the gate seat was exposed with the aid of a 
removable cofferdam. The inspection revealed the condition indicated 
in Fig. 4 which shows the cracks in the uppermost eight of the 24 courses 
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constituting the gate seat. Many of the mortar joints were open from 
Yin. to 4 in. 

Fractures were found to be numerous and conspicuous in the second 
to twelfth blocks from the top. There were also a few fractures in blocks 
13 to 19. No defects whatsoever were noted below El. 70 in blocks 20 to 
24. The larger cracks are nearly vertical and intersect the vertical face of 
the blocks at an angle between 45 and 70 degrees, measured in a counter- 
clockwise direction from the face of the block. That part of the vertical 
face of many of the blocks which is to the right of a fracture projects 
about 4 in. beyond the remainder of the block. 
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Fig. 3—Condition of south face of north pier, August 1943 
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Fig, 4—Condition of granite blocks of gate seat, March 1945 


The orientation of the fractures and the displacement of a portion of 
many fractured blocks suggests that blocks of the left-hand (western- 
most) tier have failed locally under pressure transmitted by blocks of the 
right-hand tier. 

The compressive force appears to be attributable to expansion of the 
concrete adjoining the blocks of the right-hand tier. In order to produce 
the observed effect, this expansion must have been greater than that of 
the concrete adjacent to the blocks of the left-hand tier. The excess ex- 
pansion is possibly due to a higher concentration of salts in the pore- 
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water of the concrete, produced by evaporation in the proximity of the 
south face of the pier, which is exposed to the atmosphere. 


AMOUNT OF VOLUME CHANGE 


In September 1943, 12 reference points were established on the top 
of the north pier and others were placed on the sill of the north shipway 
and on the tops of the middle and south piers. The location of reference 
points on the pier and on the north edge of the sill is indicated by num- 
bered dots in Fig. 1.. The relative displacements of these points were 
determined at monthly intervals during the following two years and 
from July 1946 to the present time. Furthermore the change in distance 
between two points at opposite ends of the top of the north pier, near 
the center line, was determined at monthly intervals throughout 1944 
and most of 1945 and from July 1946 to date. In April 1945 two more 
reference points were placed on the south face of the pier at sill level. 
One of these was immediately west of the gate seat and the other was 
near the inboard end of the pier. The distance between these points 
was determined at monthly intervals throughout most of the remainder 
of 1945 and from July 1946 to date. The changes indicated by the dis- 
placements of reference points will be described in the following para- 
graphs. 


The length of the top of the pier increased notably between January 
1, 1944 and November 1, 1944, as shown in Fig. 5. Between November 
1, 1944 and the end of April, 1945, no increase in the length of the top 
the pier took place. The lack of expansion during the first four months 
of 1945 is in striking contrast to the rapid increase of length which took 
place during the same period of the preceding year. It is therefore 
unlikely that the cessation of expansion was a purely seasonal effect. 
Since it followed the completion of calking of cracks in the outboard 
face of the pier it may have been due to the temporary partial exclusion 
of sea water from the pier. Measurements made in the latter part of 1945 
indicated that expansion was again taking place at that time, and the total 
measured expansion since January 1, 1944 was then about 0.5 in. Assuming 
that expansion had taken place at an approximately uniform rate since 
completion of the structure late in 1941, total horizontal linear expansion 
in an east-west direction must have reached about 1 in. or 0.1 percent of the 
entire length of the pier by the end of 1945. Since there is evidence, 
described below, that most of the expansion has taken place near the 
outboard end, linear expansion in that part of the pier had probably 
reached at least 0.2 percent by the end of 1945. By the end of 1947 the 
estimated total expansion was 1.2 in. or 0.12 percent of the entire length 
of the pier. 














CONCRETE DETERIORATION IN A SHIPWAY 987 





0.7 Calking ° 
S. face 


only 7 
0.6 te ie t 2 | 


























05 | Calking 
, \N.S.and W. faces. | 
wo | begun completed 
Tt ied si: 
2 04;-— ) | — ———— 
“3 | Width of crack in 
s | | top of pier, | 
o | > 
cE 03 
<= 
oO 


0.2; 





0.1 





4 a 




















1943} 1944 1945 1946 =| 1947 | 





Fig. 5—Change of length of pier and of width of a crack in top of pier 


The length of the pier at sill level has also increased since reference 
points were established on the south face in April 1945 as shown in Fig. 5. 

The width of the conspicuous north-south crack near the outboard 
end of the pier ranged between 1g and 4 in. in July 1943. Displace- 
ments of reference points located on both sides of the crack indicate that 
its width increased notably from September 1943 until the end of Novem- 
ber 1944, as shown in Fig. 5. The width did not again increase con- 
spicuously until August 1945. Like the cessation of expansion of the pier, 
the fact that there was no increase in the width of the crack during a 
period of 9 months appears to be an effect of calking the cracks in the 
outboard face. The total increase in distance between the reference 
points located on both sides of this crack indicated that its average 
width exceeded 1 in. at the end of 1947. 

Fig. 5 shows that the increase in width of the north-south crack ac- 
counted for a considerable part of the total increase in length of the top 
of the pier until some time in May 1945. Following this date, the length 
of the pier increased rapidly, but the width of the crack increased very 
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slowly. The period when the increase in width of the crack became 
conspicuously slower than the increase in length of the pier coincided 
with the period of formation of several new cracks in the top of the pier, 
somewhat farther from the outboard end than the older crack. This fact 
suggests that the seat of maximum expansion shifted toward the in- 
board end in April and May 1945. 


In July 1943, the crack on top of the pier, which corresponds to the 
vertical construction joint, was 14 in. wide at the south end and 34 in. 
wide at the north end. Since that time, the width of the crack has under- 
gone marked seasonal variations, but there has been only a slight per- 
manent increase in its width. 

The increase in the width of cracks, which accompanied increase of 
length, shows that expansion within the pier is greater than at the sur- 
face. The fact that the permanent increase in width of the crack at the 
construction joint was slight, compared to that of the crack near the 
outboard end, constitutes part of the evidence that internal expansion 
was greatest in the concrete located near the outboard end. The pres- 
ence of cracks in the outboard face of the pier (see Fig. 1) indicates that 
maximum expansion did not take place in the concrete adjacent to this 
surface, but at some distance from it. 

The elevation of reference points on top of the north pier has fluctu- 
ated slightly with respect to the elevation of points on the middle pier 
and with respect to the elevation of a basic bench mark located in an- 
other part of the shipyard. The maximum change in the elevation of 
any of the reference points on the north pier was 0.01 ft, and in no case 
was this change permanent. These observations might seem to indicate 
that the concrete has not expanded vertically. However, all of the ref- 
erence points are located near the edge of the pier and therefore do not 
provide information regarding vertical expansion of central portions of 
the pier. In order to obtain such information, a detailed topographic 
survey was made of that part of the top of the pier which is between 
the outboard end and the vertical construction joint. A contour map 
based on this survey is shown in Fig. 6. The numbers attached to the 
contour lines on this map indicate elevations in feet above the elevation 
of a reference point located at the northeast corner of the middle pier. 
The elevation of this point is presumably close to that of the grade strips 
in the form for the north pier. 

Information supplied by the contractor indicates that the average 
elevation of the top surface of the pier was originally slightly below the 
elevation of the edge of the pier.* In other words, the top of the pier 


*The condition of the top of the north pier when it was poured and finished was described as follows: 


“Along all edges of the pier and along the transverse construction joint (i.e., adjacent to all forms) the con- 
crete surface was close to the plan elevation (say within % in.). Elsewhere on the top of the pier there 
probably were variations of % in. or % in. above and below the plan elevation with the areas below grade 


predominating.” 
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Fig. 6—Contour map of top of north pier between outboard face and vertical construction 
joint. Based on detailed topographic survey in which elevations were determined to near- 
est one-thousandth of a foot, at points spaced 1 ft each way in southern half and 3 ft each 
way in northern half. Contour interval 0.015 ft. Zero point is El. 107.912, the elevation 
of reference point No. 38 on northeast corner of middle pier. 


was slightly concave. In contrast to its original form, the top of the pier 
is now convex. The contour map shows that there are large areas which 
are more than 0.09 ft (1.1 in.) above the elevation of the lowest point on 
the edge of the pier. Most of the high areas are adjacent to the three 
oldest vertical cracks in the pier, 7.e., the north-south crack near the out- 
board end, the north-south crack at the construction joint, and the 
east-west crack extending from the outboard end of the pier to the 
vertical construction joint. It should also be noted that two of the three 
areas which are more than 0.12 ft (1.4 in.) above the lowest point at the 
edge of the pier are located at intersections of the east-west crack with 
the two north-south cracks. 
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In view of the fact that the top of the pier was originally slightly con- 
cave, the present irregularities in the surface of the pier cannot be re- 
garded as original. Since we know from independent evidence, described 
in an earlier part of this section, that the concrete has expanded, it is 
logical to attribute the irregularities to unequal vertical expansion of 
the concrete. 

The amount of vertical expansion cannot be determined exactly, 
but it can be estimated with sufficient accuracy for our purposes on 
the basis of the following considerations. According to the information 
furnished by the contractor, the average elevation of the surface of the 
pier was slightly below that of the edges. If vertical expansion had been 
uniform throughout the pier, the average elevation of the surface would 
still be somewhat lower than that of the edges. Hence the present eleva- 
tion of central portions of the surface with respect to the low point on the 
edge is slightly smaller than the amount of differential expansion which 
has taken place. If we assume that little or no expansion has occurred 
in the concrete beneath the low point, then the elevation of other points 
with respect to the low point is also an approximate measure of the ex- 
pansion of the concrete underlying them. 

On the basis of this assumption, we find that nearly all of that portion 
of the top of the pier which is within a distance of approximately 20 ft 
from the gate lodge in the southwest corner has risen through an estimated 
distance of about 1 in. since construction; in the vicinity of the vertical 
construction joint, at a distance of nearly 40 ft from the outboard end 
of the pier, and along a few other conspicuous cracks, the surface has 
risen locally by the same amount. In both areas, the maximum rise is 
about 1.4 in. 

The observations described in the preceding paragraph indicate that 
expansion has been greatest in those parts of the pier which are most 
readily accessible to sea water, 7.e., near the gate seat, where the average 
hydraulic gradient is greater than elsewhere, and in the vicinity of 
cracks. The observations further suggest that horizontal expansion 
may be predominant over vertical expansion in the peripheral portions 
of the pier, where resistance to horizontal movement is less than resist- 
ance to vertical movement. In the central portion, on the other hand, 
vertical expansion has been notable, because in this region there is less 
resistance to vertical than to horizontal movement. 


PHYSICAL CONDITION OF CONCRETE 


In general, the exposed surfaces of the concrete throughout the ship- 
ways are in good condition and show no signs of severe local deteriora- 
tion or softening, except in the vicinity of a few weepholes, as previously 
mentioned. 








CONCRETE DETERIORATION IN A SHIPWAY 991 





] 
J 


oe Ee 8 


th ; mend Ree a) 


' 
| 
1 


jl 

















60 [4 — = poe ie TJ 4 
—_ 


cc 
-~ 


sol ZZ ea 


— bn—- — - 


sare 
Lat 
io 





Elevation - feet 


























s = aoe TJ 
Cs 
= 
A J G D E H C B F 
LEGEND 
Construction 
| iso specimens CJ- Joint 
Poor specimens 
—Lost core 
Good specimens Top of under- 
ZZ Artificial fill TJ~ water concrete 


Fig. 7—Estimated quality of core specimens 


Information regarding the condition of the concrete constituting the 
interior of the pier and the sill was obtained from core specimens taken 
from six bore holes in the pier (A,D,E,G,H and J), and three in the sill 
(B,C and F). With the exception of C, which is at the south end of the 
sill, the location of these is shown in Fig. 1. Holes A to G are 4)%-in. 
diamond-drilled holes; Holes H and J are 7\4 in. in diameter and were 
made with a shot drill. 

Visual inspection of the cores from these holes does not reveal any 
original defects due to such processes as segregation or internal bleeding. 

On the basis of the apparent strength of the paste, each of the core 
specimens was classified as good (G) or poor (P) by Professor W. C. 
Voss of Massachusetts Institute of Technology. The estimated quality 


of all core specimens is represented graphically in Fig. 7. Compression 
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TABLE 2—STRENGTH OF CONCRETE OF NORTH PIER AND SILL OF 
NORTH SHIPWAY 

} | e+ TB yews aig 
1 2 3 4 | 5 | 6 7 
Diff. between Diff. between | 
anticipated | Est. av. | anticipated and | 
Av. ee and real str.| compr. present strength, 
Elevation) strength | basedonvals.| strength | based on Concrete 
Hole in ft of test | in Col. 3,in| allcore | valuesin Col. | placed 
specimens | percent of |specimens, | 5, in percent of 
psi* | anticipated psi | anticipated 
| strengtht strength 
Pier 
A 52.5-60 3920 | —22 | 3645 27 under water 
60-76 3663 ~30 | 3612 ~31 in dry 
76-108 | 4606 | -12 | 4650 - in dry 
E |81.5-108 | 5230 | 0 | 4650 | -11 in dry 
G 52-60 | no tests | 4410 -12 ‘under water 
60-86.5 | notests | 4450 —14 in dry 
86.5-108 | no tests | | 4590 12 in dry 
H 51.6-60 | no tests | | 3990 | 20 under water 
60-68 | no tests | ? ? in dry 
68-108 | notests | 4650 11 in dry 
J 52.2-60 | no tests | | 4400 -12 "under water 
60-88 | notests | |} 4410 | —15 in dry 
88-108 | no tests | | 4650 | -1} | in dry 
Sill 
B 46-56 3732 —25 3940 | 21 under water 
56-60 | 5800 +12 4650 | 1] in dry 
a 
C |45.25-56 4730 | =i) | 4650 | ~7 under water 
56-60 | 4650 —11 4650 -11 in dry 
F 46-56 4178 | —16 4420 11 | under water 
56-60 5340 +3 4650 “11 in dry 
fi 








*Determined by Prof. W. C. Voss. 


tAnticipated strength, i.¢., assumed strength of unaltered concrete placed in the dry, is 5200 psi; that of 


underwater concrete is 5000 psi. See accompanying text. 


tests carried out under the supervision of Professor Voss on selected 
specimens provide a basis for interpreting the estimates of quality in 


terms of compressive strength. 


These tests showed that most of the 


test specimens which were rated as good on the basis of their appearance 
alone had a compressive strength between 4000 and 6000 psi; the average 


value for 41 “good”’ test specimens was 4650 psi. 


All of the test speci- 


mens classified as poor on the basis of appearance alone had a com- 
pressive strength between 2000 psi and 4000 psi; the average for seven 
specimens was 3360 psi. The lost cores undoubtedly represent very poor 
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concrete which probably has an average compressive strength of less 
than 2000 psi. However, in order to obtain a conservative estimate of 
loss of strength of the concrete, it was assumed, in computing the average 
values given in Table 2, Cohimn 5, that the strength of concrete repre- 
sented by lost core was 3000 psi. 

Fig. 7 shows that there are appreciable vertical. variations in the 
strength of the concrete. In Hole A, the concrete above El. 76 is 
uniformly good, whereas below El. 76, many specimens represent poor 
concrete and core losses were high. In the vicinity of Holes G and J, 
there is a similar change in the character of the concrete at El. 86.5 and 
88 respectively. It will be noted that the upper boundary of the zone 
of weaker concrete in each hole is either slightly above (Holes A and J) 
or at the level of a construction joint (Hole G). Zones of relatively poor 
concrete are not clearly developed in the vicinity of the other holes. 

Table 2 shows the estimated compressive strength of concrete in each 
of the zones mentioned in the preceding paragraph, and in the under- 
water concrete. The figures in Column 3 represent averages of results 
of compression tests on selected specimens; those in Column 5, the 
weighted average compressive strength of the concrete estimated on the 
basis of the classification of specimens as “good,” corresponding to a 
strength of 4640 psi, “poor’’ corresponding to a strength of 3360 psi, or 
“lost,’’ corresponding to an assumed average strength of 3000 psi. 

The loss of strength of the concrete in each of the zones penetrated 
by the bore holes is also shown in Table 2. This loss is equal to the 
difference between the present strength of the concrete and the strength 
which it would have if it had not been altered. The assumed strength 
of the unaltered concrete will be called the ‘‘anticipated strength.” A 
reasonable value of the anticipated strength of concrete placed in the 
dry is believed to be 5200 psi, which is the average compressive strength 
of seven relatively unaltered test specimens taken from Hole E, located 
vast of the vertical construction joint. The anticipated strength of the 
underwater concrete is taken as 5000 psi, equal to the average com- 
pressive strength of random core specimens of underwater concrete 
taken from the south shipway several months after the shipway was un- 
watered for the first time. The loss of strength was estimated on the 
basis of the results of compression tests (Table 2, Column 4), and on the 
basis of the strength of the concrete in each zone, computed as explained 
in the preceding paragraph (Table 2, Column 6). 

The data assembled in Table 2 indicate that the average strength of 
the concrete at any given level above El. 60 in general increases with in- 
creasing distance from the outboard end of the pier. This fact suggests 
that loss of strength is due to alteration by sea water. The role of 
horizontal construction joints in facilitating the entry of sea water into 
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this part of the pier is indicated by the fact, previously. mentioned, that 
the upper boundary of the most defective concrete is at or slightly above 
a construction joint in the vicinity of the three holes, A, G, and J, all in 
the outboard portion of the pier. 

The strength of the underwater concrete varies erratically, both in the 
pier and in the sill. Alteration of this concrete is attributed to brackish 
water containing carbon dioxide, which is in contact with the base of the 
structure. Variations in the degree of alteration are probably chiefly 
due to variations in the character of this water. 


NATURE AND SEAT OF CHANGES IN CONCRETE 


The topography of the surface of the pier, the displacements of ref- 
erence points, the distribution of cracks, both in the concrete and in the 
granite blocks of the gate seat, and the condition of the concrete core 
specimens leave little doubt regarding the nature and the distribution of 
the physical changes which have taken place in the concrete. These 
changes include both expansion and decrease in strength. The following 
paragraphs contain a summary of conclusions based on the pertinent data. 

Expansion has been greatest in those parts of the structure which are 
accessible to sea water. This conclusion is supported by the character- 
istics of the topography of the top surface of the pier (Fig. 6) which in- 
dicates that vertical expansion of the pier concrete has been greatest near 
the outboard end and in the vicinity of a few of the cracks. It is further 
confirmed by displacements of reference points which show that. hori- 
zontal expansion has also been greatest near the outboard end of the pier. 
Maximum horizontal expansion in the outboard portion of the pier at 
least in the uppermost lift is also suggested by the large number of 
cracks in the top surface of the pier between the gate seat and the ver- 
tical construction joint located midway between the outboard and in- 
board ends. The presence of rather wide cracks on the outboard face of 
the pier indicates, however, that concrete immediately adjacent to that 
face has expanded less than concrete at a moderate distance from it. 

Decrease in strength of the concrete placed in the dry has been greatest 
in the outboard portion of the pier. However, above El. 75, the decrease 
is relatively slight, whereas between El. 60 and El. 75, it is appreciable. 

The degree of deterioration of the underwater concrete (El. 46 to El. 
56 in the sill and El. 50 to El. 60 in the pier) varies greatly from place to 
place, and is not in any way related to proximity to the outboard end of 
the pier. 


MICROSCOPIC AND CHEMICAL EVIDENCE OF ALTERATION OF CONCRETE 
Microscopic features 
Examination of specimens with a binocular microscope revealed several 
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interesting features. Among the most important of these is the presence 
of ettringite (6CaO-Al,0;:3SO0;32 HO) on the surface of aggregate and in 
‘avities. The occurrence and distribution of this substance, described in 
detail m the appendix, suggest that the presence of sea water in the pores 
of the concrete provided the conditions necessary for its crystallization. 

Whether the SO;-content of the ettringite was derived chiefly from the 
paste itself or chiefly from sea water is not known. Owing to the very 
small quantity of ettringite contained in most of the specimens, a chemical 
analysis of the paste would not provide conclusive evidence regarding the 
origin of the SO;-content of the ettringite. However, one specimen con- 
taining more than the average quantity of ettringite was analyzed, and 
the SO;-content of the paste was found to be about 4 percent, which is 
twice the SO;-content of the original cement. Hence we must conclude 
that the concrete was at least locally enriched in SO3. 

The origin of the spaces occupied by ettringite groups on aggregate 
is a topic of considerable practical importance. From the fact that the 
film on any one piece of aggregate has a uniform thickness, within the 
limits of error of measurement, we may conclude that these spaces did not 
originate by the settlement of paste below aggregate. On the contrary, 
we know that the contact between paste and aggregate was originally 
very close, because the casts of aggregate pebbles reproduce accurately 
the minutest details of the surface of each pebble. We must therefore 
conclude that the spaces occupied by ettringite originated after the 
concrete had set, possibly as a result of the crystallization of the ettringite. 
If the space occupied by the ettringite film on aggregate is in fact due to 
the crystallization of the ettringite, then the expansion of the entire mass 
may also be attributed to this process. At the present state of our 
knowledge, this statement is not yet conclusive. However, it is in agree- 
ment with the following facts. The volume of the space between coarse 
aggregate and paste, which is partially occupied by ettringite, is of the 
same order of magnitude as the increase in the volume of the concrete; 
in addition, the distribution of ettringite in the top lift coincides with the 
locus of expansion in that lift. Hence the writer believes that we may 
tentatively attribute increase in length of the pier, widening of cracks in 
the surface and fractures in the granite blocks of the gate seat to the 
crystallization of ettringite on the surface of aggregate. 

Other changes which have taken place in the concrete are revealed by 
examination of powdered specimens with a petrographic microscope. 
One of the most conspicuous of these changes is the partial or complete 
loss of primary portlandite (crystalline Ca(OH).2). The quantity of this 
substance originally contained in the concrete of the gate structure was 
doubtless identical with that mow found in the concrete of the crane run- 
way, which was prepared with the same cement but never exposed to sea 
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TABLE 3—CHEMICAL COMPOSITION OF PASTE 
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by concrete specimens, and information supplied by the manufacturer. 
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42 
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\Change in 
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F13 | BI9 
\- TE Withee eee : 
Original g per g per \¢ ‘hange, in gper | gper 
cement | 100 g of | 100 g of | g per 100) 100 g of | 
(H-O0-and | H,O-and | original g of ori- H,O-and | original | 
CO.-free)| CO.-free paste | ginal ce- | CO,-free paste 
paste ® ment paste 
a $$$ ——___—_—_ —— —_——— a — i om = —— 
SiO. 21.9 23.8 21.9 | ae. Gar Ny Ay .@ 
CaO 65.4 60.3 6.5 | -9.9 | 61.4 47.7 
MgO ae 1.6 1.5 | 0 S 0.9 
RA; 95} 100.0) 92) O08 | 122] 9.5 
SO; Se 4.3 4.0 +2.3 2.5 1.9 
Total 100.0 | 100.0 | | 100.0 
ae) | 22.9 | 21.1 | +21.1 | 23.6 +18.4 
~ 3.2 A 
HO+ at: oe | 15.7 
| Se ee ae Era tS Te eee 
| Fl4 i FS 
G per G per ‘Change in| G per | G per 
| 100 g of | 100 g of |g per 100| 100 g of | 100 g of 
| H,O-and | original | g of ori- | H,;O-and | original 
COrfree | paste | ginal ce- | CO+-free | | paste 
paste | | ment | paste 
SiO, 23.1 | 18.0 3.9 29. 0 21.9 
CaO | 61.2 47.6 | -17.8 | 56.9 42.9 
MgO 1.6 | 13 0.3 | ae |: Be 
RO; 12.2 | 9.5 0 10.9 | 8.2 
SO; E Ve Ms 0.2 24 | 1.8 
Total | eS eee Tse eee 
bea 
CO. 25.8 | 20.1 | +20.1 8.0 | 6.0 
BOs 19.3 é 4 
+ l ees 19.6 = 
Pe Fk | 97.9 -2.1 | 81.4 





*Loss on ignition, including CO: and 20; this was neglected in estimating gain of C 'O2. 


water. 
paste. 


g of ori- 


| ginal ce- 


ment 


0 
—22.5 
—0.9 
—1.3 
+0.1 


In the runway concrete, it constitutes about 10 percent of the 
Yet among the specimens from the gate structure which were 


examined microscopically, the paste in many of those classed as good con- 


tained only 2 to 5 percent of primary portlandite. 


Of those classed as 


poor, one contained a fraction of 1 percent, and the others contained none. 
Hence microscopic evidence suggests that loss of strength was associated 


with loss of calcium hydroxide. 


The prevalence of other changes in the paste is indicated by the fact 
that nearly every specimen from the pier and the sill, which was examined 
microscopically, contains a fine-grained alteration product, commonly 
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Fig. 8—Chemical composition of the paste. Percentage of each constituent refers to 
CO,-and H,O-free substance. Degree of disintegration was estimated on basis of com- 
pressive strength and appearance of concrete specimens. 


occurring as flakes in amorphous or slightly birefringent material. Much 
of this was either positively or tentatively identified as calcite (CaCQs). 
The presence of this substance throughout the concrete of the gate 
structure suggests that carbonic acid was one of the agents chiefly re- 
sponsible for the deterioration of the concrete. 
Chemical analyses 

In order to obtain supplementary evidence regarding the nature of the 
alteration processes which have led to deterioration of the concrete, four 
“poor” specimens were selected for chemical analysis. The results of the 
analyses are given in Table 3 and shown graphically in Fig. 8. They 
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fully confirm the conclusion, based on microscopic observation, that 
carbonation and loss of lime are invariably associated with loss of strength. 
They also suggest that in an intermediate stage of alteration, represented 
by specimen F13, the concrete may be locally enriched in SOs. 

All of the analyzed specimens have been impoverished in certain con- 
stituents, chiefly lime, and enriched in others, chiefly carbon dioxide. 
The gain or loss of each constituent has been computed by the method 
explained in Appendix C and is shown in Table 3, under the heading 
““Change, in g per 100 g of original cement.”’ 

The question may arise whether the changes in the chemical constitut- 
tion of the paste are sufficient to account for the known loss of strength. 
In this connection, it is of interest to compare data regarding loss of 
strength associated with loss of lime for two of the analyzed specimens 
which appear to have been altered chiefly by carbon dioxide (B19 and 
F14) with similar data for a series of test specimens immersed in water 
artificially acidified with carbon dioxide (Tremper' 1931). Loss of 
strength of the specimens exposed to acidified water, expressed as a per- 
centage of the original strength, was found by Tremper to be numerically 
approximately equal to twice the loss of lime, expressed as a percentage 
of the original lime content. Individual values were rather widely 
scattered from the curve. which represented the average; the maximum 
departure from this average was about 18 percent of the original strength 
or about 9 percent of the original lime content. 

The inquiry into the relation between loss of lime and loss of strength 
of the analyzed concrete specimens from the sill furnished the following 
results: Specimen B19 had a compressive strength of 2520 psi, correspond- 
ing to a loss of about 50 percent of the original strength, and it has lost 
at least 26.7 percent of its original lime content. F14 with a compressive 
strength probably less than 2500 psi, has lost at least 27.4 percent of its 
original lime content. Hence for these two specimens, the relationship 
between loss of lime and loss of strength is identical with that found by 
Tremper. Another of the analyzed specimens, F13, is not strictly com- 
parable with Tremper’s test specimens, because it has undergone notable 
sulfate enrichment, estimated as 0.0234 g SO; per g of original cement, 
as well as CO.-enrichment and loss of at least 11 percent of its original 
lime content. Its compressive strength was 2900 psi, corresponding 
to a loss of strength of 42 percent. The deterioration of the concrete 
represented by this specimen is evidently the combined effect of SO;- 
enrichment and lime loss. The available data thus leave little room for 
doubt that chemical alteration is the cause of the low average strength 
of the concrete of the outboard part of the gate structure. 


Conclusions 
Microscopic observations combined with data from other sources 
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suggest that reactions between the paste and sulfates contained in the 
sea water have caused expansion and cracking of the concrete. Loss of 
strength, on the other hand, appears to be due chiefly to attack by aggres- 
sive carbon dioxide. 


LIFE EXPECTANCY OF THE NORTH PIER 


Deterioration of the north pier concrete is clearly not yet sufficiently 
far advanced to threaten the safety of the gate structure. Nevertheless, 
it must be anticipated that processes now taking place in the concrete will, 
if allowed to continue, ultimately render the structure unsafe. 
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Fig. 9—Observed expansion of concrete in a graving dock on the River Tyne. Point (a) 
indicates estimated total expansion of outboard portion of north pier at end of 1945. 











1000 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1948 


So far, we have no basis for an accurate prediction of the future rate of 
deterioration. However, some indication regarding the future trend of 
the process has been obtained by a comparison of the history of the pier 
to date with the early history of a similar structure which was on the 
verge of failure 28 years after its completion. This structure is a graving 
dock which was built in 1892 on the River Tyne in England. According 
to Moncrieff* (1923), cracks developed in the entrance walls of this dock 
within less than two years of its completion. Like those in the north 
pier, the cracks were at first attributed to settlement. Moncrieff’s obser- 
vations indicated however that they were associated with internal ex- 
pansion of the concrete. During the first few years, expansion seems to 
have been slower than in the north pier (see Fig. 9). The rate of linear 
expansion increased gradually and finally reached an average value of 
about 0.2 percent per year. Expansion continued at this rate from the 
sixteenth to the twenty-fourth year, when measurements were discon- 
tinued. As in the north pier, loss of strength accompanied expansion of 
the concrete. According to information kindly supplied by the owners, 
deterioration was so far advanced when the dock was about 28 years old 
that complete reconstruction of the entrance walls and parts of the floor 
was necessary. 

Since the estimated expansion of the north pier concrete at the age of 
4 years was considerably greater than that of the Tyne dock entrance 
walls, it appears probable that deterioration is progressing at least as 
rapidly in the north pier as it did in the Tyne dock. Therefore there 
seems to be every reason to expect that the consequences of concrete 
deterioration in the north pier may become as serious as they were in the 
Tyne dock, unless the north pier can be effectively protected against 
deleterious water. 
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APPENDIX A—PROPERTIES OF CONSTRUCTION MATERIALS 


The lowermost part of the north pier (about El. 50* to El. 60) consists of underwater 
concrete. The remainder of the pier concrete (El. 60 to El. 108) was placed in the dry, 
in four lifts of about 12 ft each, as shown in Fig. 1. The sill of the north shipway con- 
sists of approximately 10 ft of underwater concrete (El. 46 to El. 56) overlain by about 
4 ft of concrete placed in the dry. 

The underwater concrete was a 1:2:3.2 mix with a water-cement ratio (by weight) 
of 0.53 and a slump of 7 in. The cement content was 1.58 barrels per cu yd. The con- 
crete was deposited by means of a tremie pipe. The strength of test specimens taken 
at the mixer was from 2200 to 2500 psi at 7 days and from 3300 to 4400 psi at 28 days. 

The concrete placed in the dry was a 1:2.2:4 mix with a water-cement ratio of 0.53 
and a slump of 2 in. The cement content was 1.41 barrels per cu yd. It was deposited 
by means of 2-cu yd buckets. The strength of test specimens taken at the mixer was from 
2600 to 3500 psi at 7 days and from 4138 to 4456 psi at 28 days. 


An indication of the strength of the concrete as actually placed and cured in the ship- 
way is provided by the compressive strength of random core specimens of concrete 


*Unless otherwise noted, all elevations stated herein refer to the shipyard datum which is 100 ft below 
mean high water. 
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TABLE A-1—COMPARISON OF TYPE | AND TYPE Il CEMENTS USED IN 
NORTH AND SOUTH SHIPWAYS 





Cement Type I Type II 
Parts of gate _ North pier, South and middle piers, 
structures in sill of north shipway sill of south shipway 


which cement 
was used 


Chemical analysis* 





Si02 21.59 22.15 
Al:O; 6.56 4.55 
FeO; 3.04 5.11 
CaO 64.39 64.65 
MgO 1.07-2.30 0.90 
NaO 0.68 0.76 
K,0 0.20 0.46 
SO; 1.61-1.81 1.54 
Loss 1.01-1.98 0.42 
SE eo? | pe a ee : 99 32 

Compound composition 
3 CaO .SiO2 45 50 
2 CaO Si02 28 26 
3 CaO A 103 12 3 
4 CaO .Al.03.F e203 9 16 

Fineness, em?/g 1660 1810 

Estimated heat 

of hydrationt 89 cal/g 81 cal/g 





*Based on data supplied by manufacturers, supplemented by partial analyses of representative samples 
at time of construction. 
tDavis, Carlson, Troxell, and Kelly (1933). 


taken from the floor and sill of the south shipway in November 1941, a few months 
after the shipway was unwatered for the first time. The specimens were stored outdoors 
for about 4 months before testing. They represent concrete which is identical with 
that in the north shipway in all respects except that most of the underwater concrete in 
the south shipway was made with a Type II cement, whereas that in the north shipway 
was made with a Type I cement. The average age of the underwater concrete was 209 
days at the time of sampling and the average compressive strength of 7 test specimens 
was 5026 psi. One of the specimens represented concrete made with Type I cement; 
its strength was 5355 psi, well above the average for all specimens. We may therefore 
conclude that the strength of concrete made with Type I cement was not originally 
inferior to that of the Type-II cement concrete. The concrete placed in the dry in both 
shipways contains Type I cement. The average age of this concrete was 51 days when 
sampled; the average compressive strength of six specimens was 4034 psi. 

Aggregate from the same source was used in all of the concrete on the project. It 
exhibits no visible defects and there seems to be no reason to suspect it as a cause of 
deterioration. The coarse aggregate, which has a maximum particle size of about 2 in., 
is a well-rounded gravel consisting chiefly of quartz, gneiss, and schist; shale, phyllite 
and slate constitute altogether less than 1 percent of the aggregate. The sand fraction 
consists almost exclusively of quartz. 


The composition of the two cements used in the shipways is given in Table A-1. 
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APPENDIX B—PERMEABILITY OF THE CONCRETE 


In order to obtain information on the permeability of the north pier, pressure tests 
were performed in four of the drill holes in this pier. In these tests, the loss of water 
through the walls of the holes at constant hydraulic head was determined in successive 
sections, each of which was approximately 4 ft in length. The results of the tests, which 
are shown graphically in Fig. B-1, led to the following conclusions. In all those test 
sections which included the intersection between a hole and a crack or an open joiht, the 
water leaked away rather freely. The quantity of water lost through such sections did 
not vary systematically with the vertical distance from the top of the pier. On the other 
hand, in those sections which did not intersect a crack or an open joint, the loss of water 
at a given head increased conspicuously with the depth below the top of the pier. On 
the basis of the measured losses, it was found that the permeability of the concrete 
increases from a value of the order of magnitude of 10,000 x 10°" ft per second at the 
top of the pier to a value of about 60,000 x 10°" ft per second at the base of the pier sec- 
tion which was concreted in the dry. Hence it appears that chemical alteration involved 
a considerable increase of the permeability of the concrete. The increase of the per- 
meability with increasing depth below the top of the pier corroborates the conclusion, 
based on independent evidence (see section on physical condition of concrete), that 
alteration has been most intense in the lower part of the pier. The permeability of_the 
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Fig. B-1—Permeability of north pier concrete. Estimated on basis of results of pressure 
tests. Concrete below El. 60 was placed under water; that above El. 60, in dry. 
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underwater concrete is somewhat higher than that of the most permeable concrete 
which was placed in the dry. The difference may be original or it may be due to a 
difference in the degree of alteration. 


APPENDIX C—MICROSCOPIC AND CHEMICAL EVIDENCE OF ALTERATION 
OF CONCRETE 
Ettringite 

There are two common modes of occurrence of ettringite in the concrete. It is present 
in the form of hemispherical groups of radiating needles on the walls of nearly all of the 
air voids. The average diameter of these groups is about #; in. On the surface of 
coarse aggregate and more rarely on the surface of fine aggregate, similar radiating 
needles form flat dise-shaped groups which cover from 10 to 80 percent of the surface 
The thickness of the discs is commonly between 0.01mm and 0.10 mm (0.0004 to 0.004 
in.). In a few specimens, the maximum thickness of the ettringite deposit is about 0.25 
mm (0.01 in.). In general the thickest deposits of ettringite in any one specimen are 
found on the coarsest aggregate. Locally, this substance is entirely lacking on aggregate 
less than 14 in. in diameter. In some specimens, ettringite on the surface of coarse 
aggregate is in part replaced by calcite (CaCO;) and an unidentified, probably amorphous 
substance. In these specimens, unaltered ettringite is found on the fine aggregate. 

The distribution of ettringite in the pier is significant. It is found in nearly all speci- 
mens from Holes A, J, and G (all near the outboard end of the pier) which were taken 
from elevations below 104 ft. On the other hand, in concrete recovered from Hole H, 
located near the inboard end of the pier, no ettringite whatsoever is present at elevations 
above 97.5, and it is present in notable quantity only at elevations below 95. It thus 
appears to be limited to a zone whose upper surface slopes toward the inboard end of the 
pier. The concrete of the crane runway, no part of which has ever been exposed to sea 
water, does not contain any ettringite at all. The distribution of ettringite in the pier, 
as well as its absence from the crane runway, suggests that the presence of sea water in 
the pores of the concrete provided the conditions necessary for the crystallization of this 
substance. 

The deposition of ettringite is associated with an increase in the width of the space 
between aggregate particles and paste. - There are several reasons for believing that 
these spaces carry most of the water which percolates through concrete. Among these 
may be mentioned the more advanced state of alteration of the concrete adjacent to 
coarse aggregate in some specimens from the sill and from the north pier; the presence 
of conspicuous deposits of calcium carbonate at the contact between paste and coarse 
aggregate in laboratory specimens of concrete through which water with a high calcium 
bicarbonate content had percolated (Merkle 1927)*, and finally, the fact that, in per- 
meability tests in which dye was used, the greatest concentration of dye has been found 
in the spaces between aggregate particles and paste (McHenry and Brewer 1945). 
Hence a notable increase in the width of the space between coarse aggregate and paste 
must lead to an appreciable increase in the permeability of the concrete. 


Method of computing losses and gains of constituents 

All of the analyzed specimens are richer in silica and in alumina-plus-iron (2,03) and 
poorer in lime than the original cement. To appreciate the significance of this fact, 
it must be remembered that no iron, alumina or silica were added during alteration. 
The paste is richer in these constituents than the original cement merely because a larger 
fraction of the lime than of the other oxides was removed during alteration. In other 
words, it is conceivable that FesO;, Al.O;, or SiO. were removed, but it is inconceivable 
that the paste was enriched in these substances. This fact can be used as a basis for 





*Works to which reference is made in the appendices are included in the list preceding this appendix. 
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determining a lower limit of the loss of other constituents. Let C’o be the percentage of 
SiO: in the original cement and C’; be the corresponding percentage for the altered paste. 
C”) and C”; are the corresponding values for R.O;. If C’1/C’o is greater than C";/C">, 
it is assumed that the silica content remained unaltered, whereas R.O; was leached out. 
If it is smaller, the R.O; content is assumed to be unchanged. The unchanged constituent 
will be indicated by the symbol A. 


Let a represent the number of grams of constituent A in 100 g of unaltered water 
and carbon dioxide-free paste, and V the volume of unaltered concrete which con- 
tained 100 g of cement. During alteration, the paste is impoverished in some con- 
stituents (such as CaO) and enriched in others (such as CO2). Consequently, the weight 
of the paste contained in a volume V of concrete changes from 100 g to y. Yet the 
amount of A contained in the altered paste remains unchanged. Hence, if Co represents 
the percentage of A in the original cement, and C; represents its percentage in the 
altered paste, then 


a 
Co = x 100 percent 


100 
a 
C, = < 100 percent 
y 
and 
100 = 
= C 


1 

Since only y grams of the original 100 g of cement remain in the volume V of con- 
crete, the quantity of each individual constituent remaining in the volume V is y/100 
times the quantity in 100 g of altered paste. This quantity is computed by multiply- 
ing the percentage of each constituent in the altered paste, as indicated by the chemical 
Co 
Cy 


3* under the heading “G per 100 g of original paste.’’ In specimens F13 and F5, 


, y ein » , —s 
analysis, by the factor 700 ~ The results of such a computation are shown in Table 


the ratio Ci/Co is greater for SiO. than for any other constituent; hence it was assumed 
that SiO, has not been leached from these specimens and the ratio (»/C; for this con- 
stituent was used in the computation for these specimens. For similar reasons, the 
value of the ratio Co/C,; for R2O; (AlxO; + FeOs;) was used in the computation for 
specimens F 14 and B19. 

The change in composition of the paste, in g per 100 g of original cement, is also 
given in Table 3. It was obtained by subtracting the percentage of each constituent in 
the original cement from the quantity of that constituent in the altered specimen, given 


in the column with the heading ‘‘g per 100 g of original paste.”’ 


*See main body of article. 
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SYNOPSIS 


Concrete made with native Kansas sand-gravel (an aggregate con- 
taining little coarse material) began, about 1930, to show abnormal 
expansion, map cracking and loss in flexural strength. Tests were made 
by the Engineering Experiment Station at Kansas State College, in co- 
operation with several other agencies, to determine the causes of and 
prescribe cures for this condition. Concrete samples were made with 24 
different cements using two trouble-making aggregates and were sub- 
mitted to varying exposure tests. It was found that deterioration 
varied with the different cements, but there was no consistent relation 
between cement composition and extent of deterioration. Hence it 
was concluded that the cement-aggregate reaction causing deterioration 
was not primarily an alkali-aggregate reaction. Extensive tests on 
concrete made of sand-gravel combined with some coarser aggregates 
indicate reduced expansions and less tendency toward deterioration. 
Addition of 25 percent or more (by weight) coarse limestone is adequate 
to secure satisiactory service; tor coarse aggregate such as Lincoln 
} 


sandstone, as much as 40 percent may be required. 


INTRODUCTION 


For over 30 years it has been common practice in the western half of 
Kansas to use an aggregate in concrete construction that contains but 
little coarse aggregate. The coarse material varies in quantity from 5 to 
15 percent by weight, and its maximum size is less than 1 in. This 


yractice developed because of the limited coarse aggregate yroduction in 
] 


*Presented at the ACI 44th annual convention, Denver, Colorado, February 24, 1948 
wand Head, Department of Applied Mechanics, Kansas State College, Manhatta: 
ti-ngineer of Tests, State Highway Commission of Kansas. Roai Materials Laboratory, Manhattar 
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the western half of the state. For many years there were no suitable 
commercial sources beyond the eastern third of the state. 

The sand and gravel used as aggregate was found chiefly in the Kaw, 
Arkansas, Republican and Blue Rivers, and their tributaries, and in a few 
terrace deposits of limited extent. This material came to be known as 
sand-gravel, and is referred to as such in this paper. 

The concrete produced with this-aggregate has, in general, entirely 
satisfactory properties. It is easily placed, has satisfactory strength and 
elastic properties, and has shown excellent resistance to freezing and 
thawing exposure. Some of the older concrete structures placed in 1911 
to 1915 on the Arkansas River, are in excellent condition. 

In general, the service record with this aggregate has been on a par 
with the service record of concrete in which the customary quantities of 
coarse aggregate were incorporated. The cement content of concrete to 
meet the usual strength requirements will vary from 5! to 7% sacks per 
cu yd. 

About 1930, a certain type of deterioration and distress was observed 
in certain of these projects that seemed to be confined to concrete built 
with sand-gravel aggregate. Field studies confirmed the fact that the 
observed distress was confined to sand-gravel concrete. It was found to 
be worse with certain aggregate sources and with certain brands of 
cement but was also found occasionally with all brands of cement. 

Generally speaking, the worst results were found with sand-gravel 
aggregate from the Republican River sources with decreasing deteriora- 
tion observed in Kaw River sources and Arkansas River sources. The 
Blue River sources are free from any serious difficulty, and only show 
minor evidences of distress. 

The deterioration observed was also found to be occurring in Nebraska, 
Iowa and Missouri when the same or similar aggregates were used in 
sand-gravel concrete construction. 

This deterioration is evidenced by abnormal expansion, map cracking, 
and loss in flexural strength. The first visible evidence is usually a series 
of connected cracks on the top surface of a pavement, visible to the naked 
eye after a light application of water as the surface begins to dry. The 
map cracking usually forms oblong boundaries with an area of 8 to 20 
sq in inside the cracks. The cracking starts on the exposed surface of a 
pavement or structure and deepens as the deterioration progresses. 

In the advanced stages, the cracks may progress until they reach the 
bottom side of the pavement. They tend to form lines parallel to the 
center line of the pavement. This type of cracking should not be confused 
with cracks developing on the surface of concrete pavement directly 
above the wire mesh where the reinforcing has been placed too near the 
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surface. Neither should this cracking be confused with surface checking, 
shrinkage cracking or cracking due to settlement and loads, nor with 
cracks caused by unsound coarse aggregate. 

Cement aggregate reaction as referred to in this paper is not restricted 
to the alkali-aggregate reaction, but refers to the physical and perhaps 
chemical reactions or a combination of both which caused the expansion 
and deterioration observed. As pointed out later in the paper, the com- 
monly accepted alkali-aggregate reaction is not an adequate explanation 
of this deterioration. 


PRELIMINARY STUDIES 


A number of field studies were made by the Engineering Experiment 
Station at Kansas State College in the years 1934 to 1941 and are avail- 
able as unpublished reports to the Kansas State Highway Department. 
Following the work of Stanton of California':? and the Bureau of Re- 
clamation® with which the reader will be familiar, a cooperative study 
was made by the Engineering Experiment Station at the college, and the 
Kansas State Highway Department to determine whether or not the 
alkali content of the cements used in projects built from sand-gravel 
aggregate from the Republican River bore any apparent relation to the 
frequency of the appearance of this type of deterioration. This unpub- 
lished report by White* did not show any consistant relationships be- 
tween the alkali content of the various cements and their service record. 

Gibson® had made a study of a laboratory method of testing cement 
aggregate combinations to determine whether or not the reaction was 
likely to occur. This method called the wetting and drying test (re- 
ferred to as Exposure 2 in this paper) gave results in excellent accord 
with our study of service records of various cement aggregate combina- 
tions. This cycle, described later, was a combination of wetting and 
drying together with incidental temperature cycles. 

The Portland Cement Association had at all times closely followed 
these preliminary studies, and had cooperated in many instances. Recog- 
nizing the inherent economy of these sand-gravel aggregates and de- 
siring to assist in solving this problem, the P.C.A. and its supporting 
companies who have commonly shipped portland cement into the area 
in question, took steps to ascertain the cause or causes of this localized 
type of deterioration, and to determine means of eliminating it on future 
construction. Attainment of this objective is of importance to both the 
user of concrete and the producers of portland cement. 

In May of 1942, the Portland Cement Association entered into an 
agreement with the Engineering Experiment Station of Kansas State 
College to assist in financing and executing a cooperative research pro- 
gram. This work has been continued since that date. 
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The experimental data reported in this paper, which relate to cement 
characteristics and the use of coarse aggregate in reducing the deteriora- 
tion, were obtained during the progress of this investigation. 


STUDIES OF CEMENT 
Exposure conditions determined 

Although field studies had indicated a difference in the service record 
for different cements, it was decided to make a study of all cements 
produced or marketed in this area by subjecting concrete beams made 
with these cements to exposure under various conditions. 

After a study of the preliminary results of a pilot series, it was decided 
to subject the beams at the age of 30 days to the following four ex- 
posures: 

Exposure 2—Alternate wetting (70 to 80 F) and drying (130 F) 
Exposure 3—Continuous warm, moist storage (130 F) 
Exposure 6—Continuous moistroom storage (70 F) 

Exposure 7—Continuous outdoor exposure 

The preliminary studies had shown that drying at temperatures only 
slightly higher than 130 F in Exposure 2 caused abnormal expansion 
with cement-aggregate combinations that had a good service record. 
This led to the conclusion that the test was too severe at higher tempera- 
tures. Drying at 130 F in this exposure gave results that were in good 
agreement with observed service records. It should be further observed 
that the temperature of 130 F is not higher than is occasionally obtained 
in field exposure.‘ 

The effects of these exposures were to be measured by changes in sonic 
modulus, changes in length and losses in flexural strength from the cor- 
responding values at age of 30 days. 

The results obtained in the pilot series revealed that after the 30-day 
standard curing period, measurements at approximately 30-day intervals, 
for Exposure 2, and at 90-day intervals for Exposures 3 and 6 were 
frequent enough for all practical purposes. The specimens in Exposure 7 
were read at 6-month intervals for the first year, and annually thereafter. 
Cements and aggregates selected for test 

It was generally agreed that if normal portland cements were obtained 
from the mills that have supplied cement in this area, they would pro- 
vide a satisfactory range in chemical and physical characteristics for this 
study. Four sacks of cement were secured from each of 22 mills shipping 
into the area. The samples were secured from fresh shipments to con- 
struction projects or from fresh shipments to dealers. In addition, 
samples of two brands of cement were obtained from outside the area in 
order to include in the tests cements having a wider range in chemical 
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analyses, particularly in alkali content as expressed by the sodium 
equivalent. 

Two aggregates were chosen for this portion of the study: Kaw River 
aggregate (K1) from near Manhattan, Kansas, having a poor service 
record, and Blue River aggregate (K3) from Florena Switch, Kansas, 
having a good service record. Each aggregate was screened and re- 
combined to have identical gradings similar to those used in the pilot 
series (fineness modulus 3.90). 


Test specimen preparation 

The concrete was designed to contain 6 gallons of water per sack of 
cement (exclusive of water absorbed by the aggregate) and to have a 
slump of 2 to 3 in. All concrete was machine mixed, and all mixing, 
molding and handling of the concrete was done in an air-conditioned 
laboratory. 

Specimens were 3 x 4 x 16-in. beams provided with gage points in each 
end. All concrete beams were cured 24 hours in the molds in the moist 
closet and 6 days in the moistroom. When 7 days old the beams were 
removed from the moistroom and stored on racks, in the air-conditioned 
laboratory at 74 F and at 55 to 60 percent relative humidity, until 28 
days of age. All specimens were then placed in water at 70 F for 2 days 
before the exposure tests were started. Twenty-four beams were molded 
for each cement and each aggregate. They were exposed and tested as 
previously described. The beams placed in Exposure 7 (outdoor storage) 
were laid flat with a 4-in. face on the ground. 

Test results—cement studies 

As the tests progressed, marked differences developed between the 
concretes made with each of the two aggregates and the different cements. 
These differences can best be seen by referring to Fig. 1 and 2. In Fig. 1, 
the expansion (Exposure 2) of concrete made with Ki (Kaw River) 
aggregate and each of the cements is shown. The graphs are arranged 
in three groups: Group I includes those cements which produced but 
little expansion (0.04 percent or less); Group II, those producing moderate 
expansion (0.05 to 0.075 percent); and Group III, those producing ex- 
cessive expansion (0.10 percent or more), at the age of 1 year. 

In Fig. 2 are shown similar graphs for concretes made with K3 aggregate 
(Blue River). The same groupings of the cements are maintained, and 
the same trends are shown. In no instance did specimens made with K3 
aggregate reach an expansion of 0.10 percent. Only one of the 24 cements 
caused an expansion of more than 0.07 percent at 1 year. The one ex- 
ception, cement Y, caused an expansion of 0.08 percent at 1 year with 
this K3 aggregate. The Group I cements show almost the same ex- 
pansion with the K1 as with the K3 aggregate. 
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Fig. 1—Expansion of concrete (Exposure 2) made with Kaw River aggregate. Cements 
used are listed in Table 2. 


PERCENT EXPANSION - 
5 a Te Ne Se 


° 
Go 






240 wO 390 40 
° AGE IN DAYS 


Fig. 2—Expansion of concrete (Exposure 2) made with Blue River aggregate and same 
cements as in Fig. 1 
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There can be no doubt but that some characteristic of the different 
cements played a very important part in the expansion and cracking 
observed in the concretes made with Group III cements and Kaw River 
aggregate; also in the greater expansion of the concrete made from the 
Group III cements and Blue River aggregate, as compared to that made 
vith the Group I cements and this same aggregate. 


The service record of Kaw River aggregate is bad; that of Blue River is 
good. Concrete made with the Blue River aggregate shows some ten- 
dency to expand in the accelerated test (Exposure 2). This expansion 
is considered to be of little significance because, although some faint 
evidence of map cracking has been observed on Blue River aggregate 
concrete in the field, it has never been harmful after many years of 
service. 

In making a comparison between Kaw River sand-gravel and Blue 
River sand-gravel, a good example is Project 40N-27-PWS 44 Riley 
County, Kansas, constructed in 1935. The concrete pavement on this 
preject constructed with Kaw River sand-gravel is seriously map cracked 
while the concrete pavement on this same project built with Blue River 
sand-gravel is in excellent condition at this writing. The same brand of 
cement was used with both sand-gravels. It was from the same plant 
as cement C shown in Table 1. 

A good comparison between concretes built with Republican River 
sand-gravel and Blue River sand-gravel can be found on the Republican 
River bridge north of Concordia, Kansas. The main spans were con- 
structed in 1934 using Republican River sand-gravel and one of the 
cements used in this series for the concrete materials. The abutment 
wing walls and pier caps have bad map cracking in the 1934 concrete. 
During the 1935 flood the river cut south of the bridge and in 1936 the 
bridge was extended farther south and Blue River sand-gravel and cement 
from the same plant were used for the 1936 concrete materials. The 1936 
concrete on this bridge is in excellent condition. 

However, laboratory research and actual field service have shown 
that sand-gravels from the Kaw River and Republican River can be 
made into serviceable aggregates for concrete by “sweetening” them 
with rather soft, durable and absorptive limestones. 

It is believed that concrete which does not expand and lose strength 
any more than does Blue River aggregate concrete in Exposure 2, would 
give satisfactory service. Therefore, a limiting expansion at 1 year from 
this exposure can be set at 0.07 percent (see Fig. 2). 

In Exposure 3 (continuous warm, moist air, 130 F) little difference in 
expansion was shown for concrete made with Groups I, II and III cements 
and either K1 or K3 aggregate. The differences were, however, in the 
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Fig. 4—Expansion of concrete (Exposure 3) made with Blue River aggregate 
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same direction as for Exposure 2, but are not of much significance. (See 
Fig. 3 and 4). 

It is believed that the failure of Exposure 3 to develop significant dif- 
ferences in expansion or flexural strength indicates that the type of 
deterioration being studied is not primarily the result of an alkali- 
aggregate reaction. This is further evidenced by a comparison of the 
expansions of concrete obtained by Exposures 3 and 6; the expansions 
in Exposure 3 are only slightly greater than those for Exposure 6 (con- 
tinuous moist storage). 

In the moistroom storage, the expansions of concretes made with the 
two aggregates and all cements were almost identical during the period 
of the test. (See Fig. 5 and 6). 

Only a few of the concretes have shown significant expansion in con- 
tinuous out-door exposure (Exposure 7). Changes to date confirm the 
predictions obtained with Exposure 2. 

Only those concretes which showed considerable expansion in Exposure 
2 showed appreciable loss in flexural strength during the progress of the 
tests. The sonic modulus and compressive strength were not significantly 
affected by Exposure 2. 

For Exposures 3 and 6, the concretes generally showed a gain in flexural 
strength with age, but as pointed out previously, the expansions which 
developed in these two exposures were very low. 

The concretes subjected to the various exposures until they had 
attained the age of 180 and 366 days, generally showed a gain in com- 
pressive strength over the corresponding strength at 30 days. As was 
the case in the pilot series, the compressive strength changes were of no 
significance in measuring the deterioration produced in Exposure 2 in 
these tests. 


Chemical characteristics of cements in Groups |, II and Ill 

The chemical analyses of all cements in this series are shown in Table 1. 
The cements in each of the Groups I, II and III correspond with the 
groupings in Fig. 1 to6. A study of this table reveals some differences in 
chemical composition. MgO is lowest in Group I, intermediate in Group 
II, and highest in Group III. No cement in Group II or Group III is as 
low in MgO as the average of Group I. 

In Fig. 7 are plotted the expansion results of the concrete made with 
the cements and Kaw River (K1) aggregate at the age of one year. 

In the upper bar graph the cements are arranged in decreasing order of 
alkali content as expressed by the sodium equivalent. While high ex- 
pansion is shown by the highest alkali cements, and low expansion by the 
lowest alkali cements, the results are by no means consistent through- 
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Fig. 6—Expansion of concrete (Exposure 6) made with Blue River aggregate 
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CEMENT Le 


Fig. 7—Expansion of concrete (Exposure 2) made with Kaw River aggregate of the age of 1 
year. Broken line indicates percentages of alkali, MgO and water-soluble alkali in the 
three portions of the figure. 


out the range, some of the cements of intermediate alkali content showing 
as great or greater expansion than cements of the highest alkali content. 

In the middle bar graph the cements are arranged in order of decreasing 
MgO content. The relation shown here between MgO and expansion is 
similar to, and, to some extent, better than that shown for the sodium 
equivalent. 

The lower bar graph is similar to the others. It is based upon the 
water-soluble alkali.* The relation shown here is even less significant 
than that shown for the MgO or the sodium equivalent. 

It is apparent from these data that limitation of the alkali content is 
not a satisfactory or practical method for eliminating the deterioration 
(expansion and loss in strength) produced by Exposure 2. For example, 
a commonly accepted limitation of 0.6 percent of the sodium equivalent 
~ *Determined by « rapid 10-minute method used by the Kansas State Highway Commission (see column 


13, Table 1). The cements would have been arranged in the same order if the values by the A.S.T.M. 
method (colurnn 12, Table 1) had been used in plotting the lower bar graph. 
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would permit the use of six cements which are indicated by this test as 
unsatisfactory (expansion at 1 year more than 0.07 percent). Moreover, 
jit would eliminate one cement (B) which does not show abnormal ex- 
pansion in the test and which has an excellent service record in the field. 

If an alkali limitation of 0.56 percent (sodium equivalent) were im- 
posed, it would accept four cements which show unsatisfactory expansion 
in the test and reject four cements which pass the test. Further, if a 
limit on the sodium equivalent of 0.5 percent were imposed, it would 
accept two cements showing an unsatisfactory expansion in Exposure 2, 
and reject seven cements showing satisfactory results. Finally, if a 
limitation on the sodium equivalent of 0.4 percent were imposed, it 
would rule out all except three cements, only one of which is used in the 
area, and would reject ten cements which show satisfactory results in the 
test, many of which have satisfactory service records in the field. 

It is obvious from the above discussion that a limitation of the alkali 
content is unsatisfactory for eliminating the deterioration. This is 
supported by the fact that concrete made from all 24 cements and an 
aggregate (K1) having a poor service record failed to show abnormal 
expansion in Exposure 3, an exposure which should accelerate any alkali- 
aggregate reaction, 

Conclusions from studies of cement 

The following conclusions from this series are based on the results of 
the tests in Exposure 2, the deterioration of the concrete at a given age 
being measured by the magnitude of the expansion, the reduction in 
flexural strength and the visible cracking of the test beams: 


1. The deterioration of concrete made with sand-gravel 
aggregate from the Kaw River varied greatly with the 
different cements used. 

2. Of the cements showing high expansions, those which 
have been used with sand-gravel aggregate in pavements 
and structures, have questionable service records. Some 
of the cements showing relatively low expansions also have 
questionable service records when used with sand-gravel 
aggregate. 

3. The relationships between expansion and 

(a) Na equivalent, 

(b) water-soluble alkali, 

(c) MgO 
were not consistent. None of these criteria are considered 
practical and satisfactory as a means of controlling or 
eliminating the type of deterioration studied. 
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4. The cement aggregate reaction that occurs with the Kaw 
River aggregate is not primarily an alkali-aggregate re- 
action. There is no consistent relationship between the 
alkali content of the cement and either the service record 
of structures or the expansion of the laboratory specimens. 


5. For those concretes that developed serious map cracking 
and expansion in the wetting and drying test (Exposure 2), 
the first visible cracks usually occurred at or somewhat 
above 0.05 percent expansion. 


COARSE AGGREGATE ADDITION AS CURATIVE MEASURE 


In studying the effect of various curative measures to eliminate or 
minimize the expansion and map cracking experienced with sand-gravel 
concrete, it was necessary to select a cement and aggregate combination 
that would develop expansion, map cracking and the other evidences of 
deterioration under the accelerated tests. It was desired that the de- 
terioration develop at as rapid a rate as possible and still give discrimina- 
tive results between concretes of varying quality. 


Sand-gravel aggregate selected 


Sand-gravel (N3) from the Republican River at McCook, Nebraska, 
was chosen as the aggregate for the major part of the study of curative 
measures. This material, while not used extensively, has an unsatis- 
factory service record. It was in commercial production, and the grading 
and preparation were good. Experience in the pilot series had shown the 
Republican River aggregate to be much more active than either Kaw 
River or Platte River material. Experience in actual field service showed 
this same relation to exist. Sand-gravel aggregates from Kimball, 
Nebraska, the Kaw River at Manhattan, Kansas and the Republican 
River at St. Francis, Kansas, were used for a few tests in this study. 


Portland cement selected 


Cement 9 was chosen for the curative series because it has an average 
service record with sand-gravel aggregates. It was not one of the most 


_active cements as observed in service. The chemical composition is not 


unusual and is well representative of the cements shown in Group III 


(Table 1). 


In addition to Cement 9, Blend 1 from the pilot series and a few other 
cements were used in supplementary tests. 


The chemical analyses of these cements are given in Table 2. 
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TABLE 2—CHEMICAL ANALYSIS OF CEMENTS, CURATIVE 
MEASURES—COARSE AGGREGATE SERIES | 


) : 
| | NaO | HO 








Loss | ~ | equiv. | soluble 

Cement SiOz | Al.O;| FexO;| CaO\|MgO| SO;| on K.0) ? of alkali 
| | Pe ae = | total | ASTM 

9 | 21.67 | 5.59 | 2.94 63. 44|3. 32/1. 90] 0.87 |0.530.32) 0.67 0.26 








Blend 1 pre 5.72 | 2.52 63.03|3..19|1.76| 1.22 }0.970.22) 0.94 _ 
| | 











Tests with additions of coarse aggregate 

The concrete used in the curative series was designed to meet the same 
requirements as the concrete in the cement study. All concretes were 
given the standard curing and subjected to the Exposures 2, 3, 6, and 7. 

For Exposures 2, 3 and 6 the test was concluded when the expansion in 
Exposure 2 reached 0.10 percent. Expansion readings were taken fre- 
quently throughout the progress of the test, and the length, weight, and 
sonic modulus recorded. At the conclusion of the test, the length, weight, 
sonic modulus, modulus of rupture and the compressive strength were 
determined on all remaining specimens, except that one beam was left 
in the moistroom (Exposure 6) and one beam from the wetting and drying 
test (Exposure 2) was placed in water storage at room temperature. 

Specimens in outdoor weathering (Exposure 7) will be left in this 
exposure indefinitely. Determinations of length, weight, and sonic 
modulus are made for all beams in Exposure 7 at 12-month intervals. 

Studies of the service records of concrete pavements and structures in 
the area had indicated that when the usual amounts of coarse aggregate 
were used in a concrete mixture with sands from the streams under con- 
sideration that no map cracking or abnormal expansion occurred. 

On many projects it had long been the practice to add small quantities 
of coarse aggregate “sweetening” to the natural sand-gravel mixtures. 
In general, where this had been done the map cracking and expansion 
had either been eliminated or greatly reduced. 

Following is a list of concretes made to study the effects of such coarse 
aggregate additions. 

Symbol Materials Usec 
Quantities shown are percentages by weight of the total 
aggregate. 

11N3.1 60 percent McCook sand gravel, 40 percent Topeka limestone 
with Blend 1 cement. 

13N3.1 | MeCook sand-gravel (40 percent retained on No. 4) with 
Blend 1 cement. 
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16N3.9 


17N3.9 


27N3.9 


28N3.9 


30N3.9 


31N3.9 


32N3.9 


42N3.9 


45N3.9 


47N3.9 


50N3.9 


N1.N1.1 


N1.K4.1 


2K 1.1 


K2.K4.1 


3K2.1 
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75 percent McCook sand-gravel, 25 percent Cottonwood Falls 
limestone with Cement 9. 


50 percent McCook sand-gravel, 50 percent Cottonwood Falls 
limestone with Cement 9. 

75 percent McCook sand-gravel, 25 percent Weeping Water 
limestone with Cement 9. 

50 percent McCook sand-gravel, 50 percent Weeping Water 
limestone with Cement 9. 

75 percent McCook sand-gravel, 25 percent quartzite sand- 
stone with Cement 9. 

75 percent McCook sand-gravel, 25 percent Ballard chat with 
Cement 9. 

75 percent McCook sand-gravel, 25 percent Oread limestone 
with Cement 9. 

91.6 percent McCook sand-gravel, 8.4 percent Haydite with 
Cement 9. 

75 percent McCook sand-gravel, 25 percent Cottonwood Falls 
limestone with Cement 9. 

75 percent McCook sand-gravel, 25 percent Nebraska Class D 
gravel with Cement 9. 

75 percent McCook sand-gravel, 25 percent quartzite sand- 
stone with Cement 9. (Check test for 30N3.9). 

41 percent Kimball fine aggregate, 59 percent Kimball coarse 
aggregate with Blend 1 cement. 

43.5 percent Kimball fine aggregate, 56.5 percent Topeka 
limestone coarse aggregate with Blend 1 cement. 

80 percent Kaw River sand-gravel, 20 percent Kansas mortar 
bed (a conglomerate sandstone cemented with calcium car- 
bonate) with Blend 1 cement. 

90 percent St. Francis sand-gravel, 10 percent Topeka lime- 
stone coarse aggregate with Blend 1 cement. 

85 percent St. Francis sand-gravel, 15 percent limestone gravel 
with Blend 1 cement. 


Results with coarse aggregate additions 

Concrete (11N3.1) composed of Blend 1 cement in combination with an 
aggregate consisting of 60 percent by weight of Republican River sand- 
gravel from McCook, Nebraska, and 40 percent by weight of Topeka 
limestone showed considerable improvement over the base concrete 
(N3.1) McCook sand-gravel with Blend 1 cement. 
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Fig. 8—Expansion of concretes (Exposure 2) made with additions of coarse aggregate 


Three specimens (3 x 4 x 16-in. beams) of Concrete 11N3.1 were placed 
in Exposure 7. These specimens, at 1080 days, have developed 0.047 
percent expansion. 

Aggregate N3 (Republican River at McCook) was screened and re- 
combined with coarse material from this same source to produce the 
grading shown below, having 40 percent by weight of the aggregate 
retained on the No. 4 mesh sieve. 


Sieve size 34 in. %in. No. 4 No. 8 No. 16 No. 30 No. 50 No. 100 G.F. 
Percent retained 2. 11 40 61 81 89 95 100 4.77 


Concrete 13N3.1 was made with this coarsely graded aggregate and 
Blend 1 cement. The results under Exposure 2 (wetting and drying) 
are shown in Fig. 8. But little benefit is shown by the increased coarse- 
ness. The beams in Exposure 7 (outdoor weather) show, at 1080 days, an 
expansion of 0.08 percent. 

Most of the coarse aggregate additions studied were in combination 
with the base concrete (N3.9) Republican River sand-gravel from 
McCook, Nebraska, and Cement 9. The results to date show that all 
coarse aggregate additions tried have produced a better concrete. The 
expansions of these concretes for Exposures 2, 3, and 6 are shown in Fig. 
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9. For each of these concretes, two 3 x 4 x 16-in. beams have been placed 
in Exposure 7. In addition, concretes 28N3.9, 45N3.9, and 47N3.9 also 
have one 24 x 24 x 6-in. block in Exposure 7. 

One beam composed of concrete 16N3.9 in Exposure 7 developed serious 
cracking at 272 days, while the other beam appears to be perfectly sound. 
This was one of the reasons for making concrete 45N3.9 and placiag both 
beams and blocks in Exposure 7. Concrete 45N3.9 is a duplicate of 
16N3.9 except for the coarse aggregate grading. It is questionable if 
3x 4x 16-in. beams are of adequate size for use in natural outside ex- 
posure because one small piece of shale may cause failure of the specimen. 
Neither the 24 x 24 x 6-in. block nor the 3 x 4 x 16-in. beams of Concrete 
45N3.9 in natural outside exposure has shown any cracking or distress. 
The gradings of the aggregates for this study are shown in Table 3. 

The specimens in Exposure 7 containing McCook sand-yravel with 
coarse aggregate additions and Cement 9 are not old enough to indicate 
definite results. The base concrete (N3.9) at 1080 days has expanded 
0.053 percent. 

Because of the very rapid expansion of Kimball aggregate of the 
gradation used in this project, a concrete (N1.N1.1) was made using the 
following proportions: 

1.00 sack Blend 1 cement 
2.27 cu ft Kimball sand 
3.71 cu ft Kimball gravel (max. size 1 in.) 
6.00 gal. mixing water per sack of cement 
A companion concrete (N1.K.4.1) was composed of: 
1.00 sack Blend 1 cement 
2.27 cu ft Kimball sand 
3.71 cu ft Topeka limestone (max. size 1 in.) 
6.00 gal. mixing water per sack of cement 

The data for this group of tests, as well as other tests made with Blend 
1 cement, are shown in Fig. 8. The expansion curve for the base concrete 
(the concrete being studied for improvement) in this figure, as well as 
subsequent figures, is shown as a heavy dotted line for ease of comparison. 

The addition of Kimball gravel coarse aggregate effected very little im- 
provement. The addition of Topeka limestone coarse aggregate to 
Kimball sand made a better showing, an expansion of 0.10 percent being 
reached in Exposure 2 at an age of 374 days as compared to 112 days for 
Kimball coarse aggregate, and at 118 days for Kimball sand-gravel 
concrete. 

Coarse aggregate additions to Republican River aggregate from St. 
Francis, Kansas, and from McCook, Nebraska, as used in these tests 
resulted in improvement as compared with the base material. When 
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PERCENT EXPANSION 


Fig. 10—Expansion of concrete made with Republican River sand-gravel and additions of 


coarse aggregate 


ExPOSURE 
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Exposure No. 2 
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coarse material from the river production was added in amounts as high 
as 40 percent, little improvement was noted, but when limestone was 
added (see Fig. 9 and 10) more improvement was noted. This is true of 
concrete made with both Blend 1 (a high alkali cement) and Cement 9 
chosen for this series of tests. 

Concrete (K2.K4.1) composed of Blend 1 cement in combination 
with an aggregate consisting of 90 percent by weight of Republican River 
sand-gravel from St. Francis, Kansas, and 10 percent by weight of 
Topeka limestone showed little improvement over the base concrete 
(K2.1) Republican River sand-gravel from St. Francis, Kansas, with 
Blend 1 cement (see Fig. 8). 

Concrete (3K2.1) composed of Blend 1 cement in combination with an 
aggregate consisting of 85 percent by weight of Republican sand-gravel 
from St. Francis, Kansas, and 15 percent by weight of western Kansas 
soft limestone gravel showed very marked improvement over the base 
concrete (K2.1). The base concrete reached 0.105 percent expansion in 
Exposure 2 at 120 days, while this concrete (3K2.1) reached 0.100 per- 
cent expansion in Exposure 2 at 331 days (see Fig. 8). 

The above concretes (N1.N1.1, N1.K4.1, K2.K4.1, 3K2.1 and 11N3.1) 
were all made with coarse aggregate additions from sources other than the 
Republican River, and were made with Blend 1 cement. This cement has 
produced deterioration much faster in Kimball, Republican River, Platte 
River, and Kaw River aggregates than any of the cements studied in this 
investigation to date; yet the additions of coarse aggregate have improved 
the performance of the concrete. This is in agreement with field service 
records where these sand-gravels have been “sweetened”’ with coarse 
aggregate. 

Conclusion from study of coarse aggregate additions 

Based on the results secured with these concretes in Exposure 2 
(wetting and drying), the addition of coarse aggregate, especially in 
amounts of 25 percent or more by weight, has been very beneficial. For 
the limestones it is evident that 25 percent will be adequate to secure 
satisfactory service. For aggregate like Lincoln sandstone, it appears 
that as much as 40 percent by weight may be required. 

It should be pointed out here that in so far as is known, this type of 
deterioration has never been observed in service where sands from the 
Kaw, Republican and Platte Rivers were combined with normal amounts 
(60 percent + ) of limestone coarse aggregates. 

It should be noted that the rather soft, absorptive sound limestones are 
much more effective in arresting this deterioration than quartzite sand- 
stone (see Fig. 9 Curves 16N3.9 versus 30N3.9). These curves correlate 
with actual field service. ,The concrete pavement east of Clay Center, 
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Kansas, on what is now known as Highway 24, but was known as Highway 
40N when the pavement was constructed, has moderate map cracking. 
This concrete contained approximately 20 percent quartzite sandstone 
by weight of the total weight of aggregate in the mix. This concrete 
pavement was assigned project number 40N-24 PWS 71, Clay County, 
Kansas, and was constructed in 1935. This pavement at the present 
time is almost completely covered with map cracking. 

Based upon the results of this investigation, and as a result of field 
observation of existing structures, the Kansas State Highway Depart- 
ment® now requires the addition of approved coarse aggregates in varying 
amounts to all sand gravel concrete construction except from those 
sources with an approved field service record or sources that have been 
found by test not to be reactive. 

The authors believe that the coarse aggregate is an important constitu- 
ent of the concrete and modifies the cement aggregate reaction of any 
mix in which it is incorporated. It is urged that the selection of a suitable 
coarse aggregate be given consideration in any study of cement aggregate 
reactions. 
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Evaluation of Aggregate Performance in 
Pavement Concrete* 


By H. S. SWEET and K. B. WOODS 


Members American Concrete Institute 


SYNOPSIS 


This paper consists essentially of a review of published information 

on aggregate as a variable influencing the durability characteristics of 

portland cement concrete. The paper covers the evaluation techniques 

which have been used in field performance studies, particularly with re- 

spect to isolating the causes of the performance. Some emphasis has been 

placed upon such studies made in Indiana where it has been found that 

many miles of concrete pavements have deteriorated when certain 

coarse aggregates were used regardless of other variables, such as 

cement, fine aggregate, traffic, etc. In contrast, many more miles of 

Indiana pavements, constructed with other coarse aggregates, are in 

excellent condition after as many as 20 years of service. The paper 

mentions but does not treat the reactions between high alkali cements 

and certain aggregates. It is concluded that aggregate acceptance 

tests in common use are not adequate to differentiate between good and 

bad aggregate materials. 
INTRODUCTION 
There exists a widespread opinion that concrete made some 20 years 
ago was superior in durability to that being made today. Ultimate 
resolution of this question can come only with time. Indications that a 
like opinion has existed for centuries are to be found in the works of 
Higgins' and Vicat*, who by inference take up a debate apparently 
current during their time regarding the supposedly superior quality of 
the old Roman cements and construction techniques. Indeed, it is 
likely that such an opinion regarding the ancients’ abilities and pro- 
cedures is widespread today. Here again, the only final answer to this 
question lies with time. It is of interest to note the rebuttal to the 
argument made by Vicat: 
*Presented at the ACI 44th annual convention, Denver, Colorado, February 24, 1948. 


tResearch Engineer and Associate Director, respectively, Joint Highway Research Project, 


Purdue 
University, Lafayette, Indiana. 
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“There is a prejudice already pretty generally spread throughout France, 
that fs, that the Romans possessed a secret for the fabrication of mortars. Some 
suppose the secret to be lodged in the choice of the materials, and others merely 
in the way of applying them to use. The very evident consequence of these two 
opinions is, that the Roman mortars ought everywhere to be equally hard. Now 
there are six to one in which this is not true, as may be seen in Table No. 15. It 
is besides certain, that the ingredients, lime, sand, and brick, always apparent in 
these mortars, are absolutely the same as those of the country where the monu- 
ments exist; and Vitruvius has saved us the trouble of this observation by saying, 

‘I do not decide what ought to be the materials for walls, because we do not 

everywhere meet with such as are most desirable; but we must make use of such 

as we can find;.. .’ 

“Some have thought to give a triumphant answer to this by saying that from 
the mere fact of their having existed for eighteen centuries and more, the antique 
mortars must be much superior to the modern ones, whose unfitness is shown 
by the deplorable condition of most of our buildings. In order that this con- 
clusion be just, we ought to compare grand monuments with grand monuments, 
and the puny unsubstantial buildings, with buildings of the same kind.” 

rT i" . ° ° » 

The same reasoning must be considered in our judgment of more 
recent concretes; the “‘bad’’ concrete, depending on its age and degree 
of “‘badness’”’, is gone; it is no longer there for comparison. This is 
particularly true for pavement concrete since the bad material is covered 
by resurfacing. However, the familiar statement that the best laboratory 
is to be found in the field is worth repeating; it appears that the best 
information for guidance in present and future concrete practice may be 

° e . (nn > diets ‘ . > 
gained by examination of field performance. The interpretation of 
causes of failure is difficult. Techniques which have been used should 
be examined and will be discussed briefly in the following pages, as a 
background for considering investigations which have ascribed con- 
crete failures to the aggregate component. 


CONCRETE FAILURES CLASSIFIED 

Jackson's analysis 

A discussion of different types of concrete failures has recently been 
given by Jackson*. He classified deterioration in four categories: 
Type 1, caused by gradual normal weathering in which the concrete 
remains sound; Type 2, deterioration due to accelerated weathering in 
which fine cracks, D-lines, occur first along transverse joints and later 
along longitudinal joints and free edges; Type 3, attributable to chemical 
attack by sea water, acid or alkaline waters, or ice-removal salts; and 
Type 4, caused by internal abnormal expansion from cement or aggre- 
gate or reaction of the two. The first type would presumably not be 
considered a failure but rather the normal wearing of good concrete. 
It is of interest to attempt to classify concrete failures in the above 
framework as to whether they are caused by the aggregate or not. It 
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appears from the literature that aggregate may cause either Type 2, 
Type 3, or Type 4 failures, the latter being specifically recognized by 
Mr. Jackson. The Type 2 failure has been observed to result in Indiana 
from the use of certain types of coarse aggregate*. However, accompany- 
ing the typical D-lines is abnormal expansion which has led to excessive 
blowups in concrete pavements in Indiana. Because of this expansion 
the failures may be considered to have some of the characteristics of 
the Type 4 failure. 


Determining causes of failures 


Observation of an isolated concrete project is usually insufficient to 
warrant a definite statement as to the cause of the performance noted. 
It is probable that a given failure with the occurrence of D-lines or map 
cracking can be ascribed in different situations to the fine aggregate, the 
coarse aggregate, the cement, or the construction practice followed. 
Therefore, in order to definitely assign a cause, it is highly desirable to 
observe a number of projects in which each material was used but in 
combination with different other ingredients. 


An analysis of this nature was made following the study of pavement 
performance in Pennsylvania and New York State.° The pavements 


‘ 


were rated in the field according to the extent of “‘surface mortar scale 
and progressive scale’. These would presumably correspond to Jackson’s 
Type 3 and Type 2 failures, respectively. The average rating of each 
aggregate and cement was determined in terms of the average extent 
of sealing on all projects where it was used, reduced to an equivalent 
age by a formula. Values so obtained indicated that certain cemenfs 
and certain fine aggregates were questionable. To study further these 
materials the performance of the different fine aggregates then was 
noted after eliminating from consideration the projects in which question- 
able cement or coarse aggregates had been used. This resulted in little 
change in the ratings, indicating that the fine aggregates had a marked 
influence on the scaling performance of the pavements. It was con- 
cluded that “‘the grading, particle shape and surface characteristics of 
the fine aggregate have a marked influence on durability of pavements 
through their effect on the water required for proper placing and finishing 
and the water-retaining characteristics of the concrete’. 

A study similar to that described above was made of Ohio pavements*®. 
The device for isolating the performance of a given material was the 
procedure of studying first the average performance of that material 
with all other materials with which it was used in combination, and 
then determining its average rating after projects with other questionable 
materials had been eliminated. 
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INDIANA OBSERVATIONS 

Expansion as criterion of pavement performance 

The association of excessive expansion, resulting in blowups, with the 
deterioration of certain pavement concrete in Indiana furnished an 
index for rating the performance of the pavements‘. A total of 3,300 
miles of pavement were surveyed in Indiana in 1943 and 1944, including 
2,623 miles constructed between 1921 and 1934 without expansion 
joints. The latter mileage consisted of 375 projects containing cement 
from 17 sources, fine aggregates from 138 sources, and coarse aggregate 
from 155 sources. The performance index in the form of blowups per 
mile varied from 0 on 851 miles of projects to as high as 25 in one pro- 
ject, all constructed without expansion joints and over 9 years old at 
the time of the surveys. To analyze the effect of the different materials 
on this performance, performance of all projects consfructed with 
material from a given cement or aggregate source was determined. 
Two criteria were used—the average number of blowups per mile, and 
the percentage of total mileage which had no blowups. The percentage 
thus calculated for a given source was compared to the percentage of 
mileage without blowups for all sources to determine whether the ob- 
served performance of that material was significantly different from the 
average for the state. The difference in percentage was considered to 
be significant if it exceeded the value of Ap computed from the formula’ 

Ap =3 \ p(100 — p) 
n 

where p was the percentage of the total miles in the state without blow-ups 
and n was the number of miles constructed with the material in question. 


Aggregate studies 

The sources with performance differing significantly from the average 
were examined in detail to determine whether combinations of material 
had influenced the rating. The fine aggregates indicated as bad-per- 
forming were found to have béen used in every case with a significantly 
bad coarse aggregate and performance of coarse and fine aggregate 
could not be differentiated. Analysis of the coarse aggregates showed 
that, regardless of the variables of cement or fine aggregate, certain 
coarse aggregates had given unsatisfactory field performance. 

The types of aggregate which have contributed in Indiana to the 
poor pavement performance are being studied in the laboratory to 
determine the causes for their performance and to develop tests by 
which they may be detected. The aggregates with bad records consist 
of laminated dolomitic limestones, cherty limestone, high calcium 
limestone and siliceous river gravels. They have in common a relatively 
high absorption, but limestones with equally high absorptions occur 
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which have good service records. It should be mentioned that the 
greater part of the old concrete pavements in the state are in excellent 
condition, showing little evidence of deterioration, and having no blow- 
ups even though constructed without expansion joints. 


OTHER OBSERVATIONS OF AGGREGATE 
Coarse aggregate related to concrete failures 

A relationship between the coarse aggregate component of the con- 
crete, the occurrence of an unusually large number of blowups, and 
disintegration of the pavement at the joints was also reported by Moyer® 
in 1945. . The properties of unsoundness exhibited by this aggregate, 
LeGrande limestone, “ are not indicated by the usual laboratory 
freezing and thawing soundness tests.” 

One of the early observations of coarse aggregate failure in concrete 
was made by Reagel® in 1923. He noted the occurrence of popouts in 
concrete pavements which were caused by chert particles separating 
and forcing out a conical piece of concrete. Since that time many in- 
vestigations of chert have been conducted, only a few of which will be 
mentioned. Kriege'® described popouts appearing in a pavement between 
Fort Wayne and Huntington, Indiana, and conducted freezing and 
thawing and sodium sulfate tests on the material. It is interesting to 
note that pavements constructed from the same aggregate described by 
Kriege were found in the Indiana performance surveys to have developed 
excessive expansion and blowups. 

Chert 

Cantrill and Campbell'! investigated the performance of pavements in 

Kentucky and concluded that “The failure of concrete throughout the 


western part of the state was due to the use of chert gravel . . . the pre- 
dominant failures take the form of progressive scale followed by dis- 
integration of the conerete’’. . 


A review of the literature on chert is given by Sweet and Woods.'? This 
investigation of Indiana cherts showed that there was a general relation- 
ship between the resistance of the cherts to freezing and thawing and 
the bulk specifie gravity (wet basis) as measured by a flotation procedure. 
Exceptions to the relationship occurred in the case of some chert particles 
with very low bulk specific gravities and low degrees of saturation which 
did not fail in freezing and thawing. A very close relationship between 
durability and degree of saturation was indicated. 

Other deleterious materials in aggregates 

Other materials which have been shown to be deleterious in aggregates 
include shales, ferruginous concretions, ocher, coal, lignite, organic mate- 
rial, and sulfides'*. These materials are usually identifiable by standard 
tests, lithological analysis, or by the scratch test for soft particles". 
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The aggregate known locally as sand-gravel was found to have caused 
map-cracking accompanied by excessive expansion in Kansas _ pave- 
ments'®. It consists primarily of granite, quartz, and feldspar, and is 
graded predominantly from 3¢ in. down in size. This material has been 
the subject of intensive study and was also the subject of a report by 
Jackson and Kellermann'®. It was found that the maperacking and 
expansion associated with these aggregates could be reproduced in the 
laboratory by subjecting concrete beams to alternate soaking at 70 F 
for 24 hours and drying at 130 F for the same length of time. It appears 
that combining other types of material with the sand-gravel will improve 
the performance. 

Other data on the effect of coarse aggregate on pavement performance 
have been obtained in Kansas'’. It was found after condition surveys 
that the amount of D-hne disintegration in the pavements was related 
to the coarse aggregate types used, Moline limestone, Bazaar gravel, 
Joplin flint, and Kansas City limestone showing predominantly poor 
records. 

The deterioration of concrete pavement was found to be associated 
in Missouri with the use of certain coarse aggregates regardless of the 
fine aggregate or cement that had been combined with them!'’. It was 
concluded that ‘freezing and thawing was the most active weathering 
agent causing the disintegration’. Laboratory tests indicated some 
improvement with air-entrained concrete for the limestone aggregates 
but none for chert. 

In addition to the above references in which the aggregate has been 
considered to be acting alone in its deleterious influences, the important 
problem presented by the reaction of aggregate with alkali in cement 
must be mentioned. However, the limited scope of this paper does not 
permit its discussion. 


CONCLUSIONS 


Inadequacy of present tests 

It may be stated after consideration of the data contained in the 
references cited that certain aggregates have caused the deterioration 
of concrete regardless of the cement or construction practices used. 
It appears that present standard aggregate tests are not adequate in 
many cases to detect such materials. The evidence indicates that fine 


grained materials with disruptive tendencies such as some cherts are 
not affected in the standard sulfate tests. On the other hand, some 
limestones wit « excellent field performance show excessive losses in this 
test. As a result of this, it is frequently specified that materials failing 
in the sulfate tests may be accepted if they pass a freezing and thawing 
test. The freezing and thawing test procedures vary widely and have 
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a considerable effect on the results obtained to the extent that many non- 
durable materials are unaffected. Neither the sulfate tests nor the 
freezing and thawing test have any significance with respect to identify- 
ing aggregates which may cause difficulty in concrete by thermal or 
elastic characteristics which differ from those of the mortar. 


There are probably two primary causes for the failure of the standard 
tests to adequately detect all materials which are non-resistant to the 
action of frost. These are: (1) failure to consider the degree of saturation 
of the material at the time it is incorporated in the concrete; and (2) 
failure to duplicate the action of the mortar surrounding the particles. 
The tests of Wray and Lichtefeld'* demonstrate the first point. Further 
substantiation has been found in determinations made in Indiana of 
the moisture content of freshly quarried stone and gravel pumped from 
under water. The moisture content of many of these aggregates was 
found to be as high as that which could be obtained by evacuation and 
saturation after drying. These aggregates are frequently incorporated 
into concrete a few hours after quarrying or dredging. Whether this 
moisture can readily escape through the surrounding mortar is a deba- 
table point and worthy of investigation. 


Causes of aggregates’ deleterious effect on concrete 

The deleterious influence of aggregates on concrete durability has 
been caused by chemical decomposition, freezing of water in the aggre- 
gate pores, differential expansion between mortar and aggregate, and 
reaction between the cement and aggregate. In many cases it appears 
that the action is accompanied by abnormal expansion of the concrete. 
The pattern of cracking which occurs may serve to differentiate in some 
cases the type of action, such as the D-line patterns in the case of frost 
action vs. the random cracking caused by alkali-aggregate reaction. 
The typical popouts caused by isolated disruptive particles near the 
surface are readily identifiable. Chemical decomposition may occur 
with altered igneous rocks containing such minerals as zeolites. The 
hydration of accessory clay minerals may be considered as a special case 
of chemical decomposition. Shales and ferruginous minerals also cause 
trouble through hydration. 


Many aggregate types are susceptible to deterioration through freezing 
of water in their pores. Among these are porous cherts, shales, ocher, 
laminated and other limestones, and sandstones. The igneous and 
metamorphic rocks (except schists) are generally durable in this respect. 
Unfortunately, from the standpoint of specifications, the percentage 
absorption of these rocks does not appear to present a sufficiently accurate 
index. While most, if not all, non-durable types have a relatively high 
absorption, say greater than 2 percent, many durable rocks also have a 
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high absorption. The size and character of the voids, particularly as 
they affect the degree of saturation, have a notable influence. 
Summary 

It may be concluded on the basis of available data that: 

1. Aggregate has an important influence on the durability of 
concrete; unsound material may cause deterioration in the 
form of popouts, D-lines (progressive scaling), surface scaling, 
mapcracking, loss in strength, excessive expansion or a com- 
bination of these. 

2. Standard tests for predicting durability have been shown to 
be inadequate to the extent that test results on materials 
without demonstrated service records must be examined with 
caution. 

3. There is need for research to determine the properties of aggre- 
gate which influence its performance in concrete, to develop 
satisfactory test procedures for determining the important 
properties in this respect and develop, if possible, special 
treatments or methods by which the durability of concrete 
containing inferior aggregate may be improved in localities 
where the cost of such procedures is exceeded by the expense 
of importing more durable material. 
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Laboratory Measurements of Stress Distribution 
in Reinforcing Steel* 


By DOUGLAS McHENRY and W. T. WALKERT 


Members American Concrete Institute 


SYNOPSIS 


The SR-4 strain gage, an electrical device somewhat smaller than a 
postage stamp and scarcely any thicker, has been used successfully to 
measure stresses in reinforcing steel embedded in concrete. The paper 
gives typical laboratory test results on the stress distribution along the 
steel of simple reinforced beams before and after cracking, and com- 
pares these results with the stresses computed by conventional methods. 
Attention is called to some of the many possible applications of this 
gaging method as well as to its limitations. The method of attaching 
and waterproofing the gages is described in an appendix. 


INTRODUCTION 

Use of SR-4 gages 

A satisfactory means for using the SR-4 strain gage to determine 
stresses in reinforcing steel has been devised in the structural research 
laboratory of the Bureau of Reclamation, and these gages have been 
used in a series of reconnaissance tests involving seven simple rein- 
forced beams. Such strain measurements, combined with observations 
of deflection, end-slip and cracking, furnish a more complete picture 
of the behavior of the beams than could have been obtained by the usual 
gaging methods. They provide a record of stress distribution along the 
steel, an accurate value for the load at first cracking, data on the location 
and magnitude of maximum bond stress, and information on the effect 
of crack distribution on steel stress. These, of course, are in addition 
to the usual data from such reinforced concrete beam tests. It is believed 
that tests of this type will lead to a better understanding of the behavior 
of reinforced concrete, the nature of bond, and the function of the 
surface deformations on reinforcing bars. 


*Presented at the ACI 44th annual convention, Denver, Colorado, February 25, 1948, 
tStructural Research Section, Bureau of Reclamation, Denver, Colorado. 
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SR-4 gage described 

The SR-4 strain gage is an electrical device somewhat smaller than a 
postage stamp and scarcely any thicker. In the present application, 
it is cemented onto the reinforcing bar and covered by waterproofing 
compound (a self-vuleanizing synthetic rubber) before casting the con- 
crete. Electrical lead wires, one from each gage (the other is grounded 
to the steel), are embedded directly in the concrete. The area covered 
by the waterproofing compound is only about 44 sq in. for each gage, 
so the effect on bond area is almost negligible even with a gage spacing 
as close as 2 or 3 in. 
Outline of specimens and tests 

All beams were 8 x 8 x 48 in. and each was reinforced with a single 
straight bar located so as to provide 1 in. of cover between the steel 
and the tension face of the beam. Four types of bars were used as 
shown by Fig. 1: %4-in. square plain, *4-in. round helical rib, *4-in. 
round transverse lug, and %4-in. round standard deformed. Loads 
were applied to the beams either at the center, at a single one-third 
point, or at both one-third points. The number of SR-4 gages attached 
to each bar varied from five to 15. In the range of usual working stresses 
in the beams, instrumentation indicated that the normal error of reading 
did not exceed 100 psi. Other errors in connection with the installation 
were believed small in view of the symmetry of the stress distributions. 
As failure was approached, however, larger discrepancies developed 
because of the continuous change in the stresses under constant load 
during the period of 1 to 3 minutes required to read all the gages. 
Measurements of center deflection and end-slip of the steel were also 
made. The beams were designed to fail in bond, and six of the seven 
failed in that way; only the beam reinforced with a helical rib bar failed 
in diagonal shear. 
Information provided by reconnaissance program 

This reconnaissance program has provided a certain amount of sig- 
nificant information regarding the following: 

1. Variation of actual stress from values computed by the usual 
assumptions, thus contributing to knowledge of the factors of safety 
in reinforced concrete design. 

2. Effect of cracking pattern on steel stress distribution. 

3. Relative merits of the various bars. 

The purpose of the present paper is not to present conclusive or final 
results for reinforced concrete beam tests utilizing the embedded SR-4 
gage, because further verification is needed, but rather to show typical 
results and to indicate the possible fields of application of this new tool 
of structural research. 
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Fig. 1—Four types of bars used in beam tests. 1-S, plain square; 2-S, helical rib; 3-S, 
semi-deformed (transverse lugs only); 4-S, standard deformed. 


BEAM LOADING TESTS AND RESULTS 


Center-load test results 


Results of a center-load test under loads insufficient to cause visible 
cracking are shown by Fig. 2, which is presented chiefly to show the 
degree of consistency and reliability of the test results by comparison 
with computed values under conditions for which computations are 
usually considered as reliable. Computed values of steel stress shown 
by the stress distribution diagram are for an uncracked beam, using the 
entire area of the concrete plus the transformed area of the steel. The 
value of n (9.1) was determined by modulus of elasticity tests on com- 
panion cylinders of concrete. It will be noted that the computed and 
observed stresses are in reasonably close agreement. ‘The minor differ- 
ences at the lower loadg are likely due to two factors: a slight discrepancy 
in the value of n as determined from the cylinders, and a normal lack of 
homogeneity in the concrete throughout the length of the beam. The 
load-stress diagram for Gages 6, 7, 8, 9, shows a constant slope up to a 
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Fig. 2—Steel stresses before cracking in beam reinforced with plain square bar 


load of 4,000 Ib and then a distinct, although slight, increase in slope 
for all four gages. Although no cracking was visible at this load, it may 
be inferred from the diagram that minor cracking started then. This 
cracking then would account for the increase of measured stress over 
computed stress at 5,000 lb as shown by the stress distribution diagram. 
The maximum computed tension in the concrete at the 5,000-Ib load 
was 560 psi, a value at which cracking might well be expected. The 
maximum bond stress developed during this test, as indicated by the 
maximum slope of the stress distribution diagram, was 66 psi. The 
end-slip gages, which were read to 0.00001 in., showed no slip during the 
test. 

The test described above, which is typical of several, is considered 
as a sufficient indication of the practicality of the test method, and also 
as corroboration of the validity of basic assumptions used in the com- 
putations for the uncracked beam. The usual design formulae which 
are based on the concept of cracking to the neutral axis are generally 
conceded to involve certain inconsistencies and certain assumptions of 
doubtful validity, and on that account the stress measurements at 
higher loads are of greater interest and of greater significance with 
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Fig. 3—Steel stresses in beam reinforced with helical rib bar loaded to failure 


respect to design methods. It is not surprising that after cracking 
starts the measured stresses deviate considerably from the computed 
stresses, even for the cases investigated here, which represent about the 
simplest possible type of problem in reinforced concrete design. 
Third-point loading test results 

Fig. 3 shows test results for Specimen 2-S, an 8 x 8 x 48-in. beam 
reinforced with a 34-in. round helical rib bar and loaded to failure at 
the third-points. The irregularity of the surface of this bar had made 
it necessary to build up small flat surfaces of solder on which to cement 
the strain gages. Thirteen gages were attached to the side of the bar, 
but two of these (No. 1 and 3) failed during the 14-day moist curing 
period, probably due to leakage of moisture into the gages. This beam 
was the only one of the series which failed by diagonal shear. 

During the test five cracks became visible, other than the diagonal 
failure crack. Three of the cracks were within the middle third and 
two were in the outer third at the bottom, but extended toward the 
loading points and entered the middle third near the top. The first 
visible crack appeared at a load of 7,000 Ib in the center of the beam; 
however, the load-stress curves in Fig. 3 indicate that cracking started 
at a load of slightly less than 6,000 lb—the first load for which measure- 
ments of steel stress are shown in the stress distribution curves. 
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There was good agreement between computed and measured stresses 
before cracking occurred. At the last load before failure the computed 
stresses were considerably higher (about 25 percent) than those measured 
in the middle third of the beam, while the measured stresses were some- 
what higher than the computed stresses in the outer third in which the 
shear failure occurred. The highest measured stress (42,000 psi) was at 
Gage No. 10 just outside the middle third and was about 6 percent 
higher than the stress computed for that location, but about 14 percent 
lower than the computed maximum stress. This stress was slightly 
lower than the yield point of the steel. The maximum bond stress, as 
measured by the strain gages, was 850 psi, between Gages No. 12 and 13 
at a load of 18,000 lb just prior to failure of the beam, and at a location 
in the beam where the failure occurred. (Gages No. 4, 9, and 10 could 
not be read at 18,000 lb and therefore the stress distribution curve was 
not plotted for this load.) 

A load of 18,500 Ib was required to fail the beam. Final failure oc- 
curred suddenly and by diagonal shear (computed as 165 psi nominal 
value), as indicated by a long diagonal crack extending from the bottom 
of the beam at the support on one end, upward to the loading point 
nearest that end (see Fig. 4). 

Beam 4-S was reinforced with one commonly used type of %4-in. 
deformed round bar, namely, a standard or regular deformed bar (see 
Fig. 1). This bar was equipped with 13 strain gages equally spaced 
along the length of its side. The first visible crack under third-point 
loading appeared in the center of the beam at 6,000 lb load, although 





Fig. 4—Beams 2-S (helical rib bar) and 4-S (standard deformed bar) after failure. 2-S 
(top) failed in shear and 4-S (bottom) failed in bond (crack outlines retouched). 
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Fig. 5—Steel stresses in beam reinforced with standard deformed bar loaded to failure 


actual cracking evidently started at approximately 5,000 pounds as 
indicated by the load-stress diagram of Fig. 5. There was close agree- 
ment, as in previous tests, between computed and measured stresses at 
loads below 5,000 Ib. At a load of 13,500 lb the stresses at Gages No. 
5 and 9 reached the yield point of the steel (33,000 psi) and at the time of 
failure all of the gages in the middle third showed stresses above the 
yield point. The maximum strain was 0.001808 in. per in., observed at 
Gage No. 8. The corresponding stress would be 54,240 psi for E = 
30 X 10°, although this figure is undoubtedly too high because of yield- 
ing of the steel. The stress distribution diagram, Fig. 5, shows the 
pronounced effect of cracking on the distribution of the steel stress and 
the bond stress. Stress was very uniformly distributed in the outer 
third of the beam before and after cracking, but there was considerable 
non-uniformity in the middle third as soon as cracking began. 

Failure occurred in this beam at an ultimate load of 16,500 Ib, with 
the cracking shown by Fig. 4. It is believed the failure was in bond, 
even though a slight yielding of the steel had occurred. Bond stresses 
in the region of yielding in the middle third cannot be determined from 
the strain measurements. However, it is believed that, paralleling the 
results of other tests under third-point loading, the highest bond stresses 
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Fig. 6— Comparison of measured and computed middle-third stresses for the four types of 
rs 


occurred in the outer thirds. The bond values in the outer thirds at 
16,000 Ib load ranged from 322 to 595 psi, with some uncertainty attach- 
ing to the highest figure because of possible slight yielding at Gage No. 9. 
The highest bond value measured in the region definitely free from 
yielding was 580 psi. 
Other loading tests 

Other tests, which will not be reported in detail because of space 
limitations, included beams reinforced with plain square bars tested to 
failure under center loading and off-center loading, and one beam rein- 
forced with the “semi-deformed” type of bar shown in Fig. 1 and tested 
under third-point loading. 


COMPARISON OF OBSERVED AND COMPUTED STRESSES 


In Fig. 6, the average steel stresses in the middle third for the four 
types of bars are compared with the computed stresses for corresponding 
loads. Of particular significance is the fact that the measured load- 
stress curves lie below the computed curves for all loads up to failure, 
and that the curve for the helical-rib bar is the lowest of the four and 
lies approximately parallel to the computed curve. Evidently, in all 
cases the concrete in the tension zone is doing more work than is assumed 
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in the usual design methods. This does not mean that cracks fail to 
reach the neutral axis, for it has been observed from tests that cracks 
often apparently progress up into the zone of computed compression, 
especially for under-reinforced beams. Rather it indicates that the 
assumption of cracking to the neutral axis is not entirely correct, since 
according to this assumption all the tensile action and cantilever action 
of concrete below the neutral axis has increased. Many recent studies, 
such as those by Evans', also demonstrate that due to the cantilever 
action, concrete below the neutral axis does continue to work even 
though cracks have progressed up to the neutral axis. 

Such action of the concrete below the neutral axis must be limited in 
large measure by the bonding qualities of the reinforcing bars being 
used. In fact, curves such as shown in Fig. 6 may well be a means of 
comparison of various types of reinforcing bars. 

Another observation of interest is that the stress distribution along 
the middle third of the bar is more uniform for the bar with pronounced 
surface deformations than for plain or standard deformed bars. These 
tests, as well as those of others*, have shown that pronounced peaks 
occur in the steel stress at the location of cracks. It is to be expected 
that these peaks would be less pronounced for a type of bar which pro- 
duces a good distribution of cracking than for a type which produces 
only one or two large cracks. This is apparently confirmed by the stress 
measurements. 


APPLICATIONS AND LIMITATIONS OF THE SR-4 GAGE 


In conclusion, attention may be called to some of the many possible 
applications, as well as to some of the limitations, of the SR-4 gage in 
the field of reinforced concrete investigations. The following quotation 
from Benscoter and Logan® is pertinent in that connection: 

Both theoretical and experimental research are needed in reinforced concrete 
stress analysis. Strains must be measured on actual rigid frame structures in the 
field. The civil engineer must learn to attach electrical strain gages to reinforcing 
rods as well as to insert plugs in the compressive face of members to obtain strain 
readings. Such field experimentation is sorely needed for the improvement of 
reinforced concrete design methods. 

With present techniques, the SR-4 gage is not well adapted to long- 
time observations of stresses in actual structures, in part because of 
creep in the cementing medium and in part because precise temperature 
compensation is difficult to achieve. However, there is no reason why 
the gage could not be used in service structures where loads can be 
applied or removed rapidly, as in the columns or girders supporting 
moving loads, or for impact stresses. It may be that further research 
work will lead to satisfactory procedures for measuring the effect of 
sustained loads or of gradual shrinkage. 
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Various methods of waterproofing the gages have been described else- 
elsewhere**:* and some of these undoubtedly provide a more positive 
protection than does the simple coating method described here. The 
self-vulcanizing rubber is satisfactory for laboratory use, but its adequacy 
for field use, where less care is taken in placing the concrete around the 
gages, remains to be determined. 

The most promising field of application at present appears to be in 
laboratory tests of beams, columns, or model structures. Many engi- 
neers are convinced that model tests of homogeneous, uncracked materials 
cannot possibly yield a true picture of the behavior of a reinforced 
concrete structure, and that model tests of reinforced concrete structures 
must, to be valid, be made on reinforced concrete models. The SR-4 
gage seems to offer an excellent solution to the problem of instrumenta- 
tion for such models. It is not impractical to install as many as several 
hundred gages on a model. Only a few seconds are required to read 
each gage, and instruments are now being developed which will auto- 
matically record up to 48 gages in 8 seconds. 
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APPENDIX—SR-4 GAGE PROTECTION 
Type of protection 
The type of protection which is most desirable for the SR-4 gage used on reinforcing 
in concrete should perform functions as follows: 
1. Provide waterproofing which serves to insulate the gage from the concrete as 
well as to prevent the entrance of moisture. 


2. Wire and gage insulation, together with the adjunct protecting medium, should 
remain proof against electrical leakage for long periods. 


3. It should conserve bond area on the reinforcing by covering as small an area as 
possible so that the bond relationship between concrete and steel will not be altered. 

4. The protection should be adaptable to any type of plain or deformed reinforcing 
bar. 
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5. It should accomodate itself to location in any position on bent or shaped bars 
so as to maintain insofar as possible the same unique advantages of the unprotected 
gage. 

6. The protection should be such as to guard the gage from pressure by the con- 
crete as slippage between bar and concrete takes place. 

7. It should be rugged enough to prevent injury or displacement of the gage during 
placement of concrete containing large aggregate and during a moderate amount of 
vibration. 


Most of the considerations above are incorporated in the methods of protection 
outlined below. 


Character of the protection 


Two methods of protection will be outlined: first, that which utilizes a quick-drying 
rubber cement together with a heavy air-setting cement (Tygonite), and second, use 
of arubber (neoprene) button which is vulcanized, over the gage, to the steel. Each 
method has intrinsic advantages, the rubber button protection being more rugged, 
and the air-setting cement protection more easily and quickly applied. Neither method 
has been proven under field conditions, but both have given reasonable satisfaction in 
the laboratory. These methods are not infallible, and some failures are to be expected 
unless extreme care is taken at every stage of the operation. 


Preparation of the reinforcing 

The preparation of the reinforcing prior to setting the gage is identical for both 
methods. All mill scale and rust is first removed from the surface area on and im- 
mediately surrounding the gage location. This may be done by filing, sandpapering, 
or sandblasting. It is well to give the area a final smoothing with No. 6-0 emery cloth, 
and remove any remaining particles of dirt or grease with acetone. 


For a deformed bar it may be necessary to grind or file down a deformation or two 
in order to seat the gage. The procedure of building up a surface of solder between 
close-spaced deformations on which to seat the gage involves several uncertainties, and 
although it has been used with apparent success, such a procedure is not recommended 
where stresses are expected to approach the yield value. 


Mechanics of attaching gage to bar 

The process of attaching the gage (ordinarily of 14-in. gage length) to the bar is simple 
and is nearly the same as it would be if no protecting medium were to be applied. For 
the test of a simply reinforced concrete beam in which gage readings are to be made 
one at a time, one of the leads from each gage may be grounded to the reinforcing. 
However, if two or more gages are to be read simultaneously by different bridges, the 
use of a common ground may cause inaccurate readings, and both gage leads must be 
used. Preparation for grounding consists of drilling a ;-in. hole in the reinforcing 
adjacent to the spot where the gage will be located. Then when the gage is cemented 
to the bar, one of the gage leads, which previously has been cut off and bent at right 
angles to the gage, is inserted in the hole and secured by wedging with a short piece 
of copper wire or by peening the steel around the edge of the hole. 

Prior to attaching the gage to the bar, and in order to conserve as much bond area 
as possible, excess paper around the gage is trimmed off as close as #; in. to the wires 
but not closer. The procedure, otherwise, is the same as that ordinarily followed for 
a good SR-4 gage installation. 


Insulation prior to waterproofing 


If the Tygonite method of waterproofing is to be used, this is the procedure, for a 
gage grounded to the reinforcing. First, the remaining lead wire is doubled back across 
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the felt on top of the gage and is held in this position by cementing over it a second piece 
of felt about half the size of the first. (See Fig. 7.) Then an insulated lead wire which 
has been stripped about 14 in. back from one end, is soldered to the gage lead wire as 
close as possible to the felt covering. Electrician’s tape is finally placed under and 
around the wires where they emerge from the gage. 

If it is desirable to use two lead wires for each gage, both leads are bent back and the 
above procedure followed. The insulated lead wires are held firmly in place by one 
turn of about No. 20 annealed steel wire 14 in. from the end of the gage. 

For the neoprene button method the procedure is identical except that no tape or 
steel wire is needed to hold the insulated leads in place. 


Process of waterproofing 

Tygonite method — After the cellulose (Duco) cement holding the gage in place is 
thoroughly dry (not less than 24 hours, preferably more), a coat of high-grade, quick- 
drying rubber cement* is applied over the felt-covered gage and on the steel surface 
surrounding the gage. After the first coat has dried, at least two more coats of the 
rubber cement of thicker consistency are applied, with drying between each coat. A 


*Such as 3M No. 711, available from Minnesota Mining and Mfg. Co., 411 Piquette Ave., Detroit 2, 
Michigan. 
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Fig.*7—Plan and cross section views showing the gage-lead wire arrangement prior to 
waterproofing 
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Fig. 8—Strain gage waterproofed with air-setting rubber cement 


final protective covering is then put over the gage by applying two or more thin coats 
of an air-setting cement which dries to a hard finish, such as Tygonite No. 15B.* Fig. 8 
shows the installed gage with the final coat of waterproofing, before trimming. The 
coating should be trimmed to a neat rectangular shape so that as little of the steel 
surface as possible will be covered by the insulated gage. It is well to smooth the final 
surface to a rounded shape so as to offer as little resistance to the concrete around it as 
possible. 


Neoprene button method—The neoprene button which has already been formed in the 
mold, (Fig. 9) is slipped down over the gage as the insulated lead wire or wires are 
drawn through. A thin layer of semi-cured neoprene is wrapped around the lead wire 
or wires at the outlet point of the button to provide a waterproof seal when the button 
is vulcanized to the steel. Some play should be allowed in the lead wires at the top of 
the button cavity so that at no time is strain on the wires transferred to the gage itself. 


The preferred method for attaching the button to the steel is by vulcanizing. A 
vulcanizing cement is applied to the steel and over this is placed a thin layer of semi- 


*Available from U. S. Stoneware Co., Akron, Ohio. 


Fig. 9—Mold for vulcan- 
izing the rubber buttons 
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cured neoprene. The button, now in the mold vulcanizer again, is pressed down on 
this layer and vulcanized under pressure. Thus a remarkably strong joint is made. 

If the strength and waterproofing requirements are less rigid, the button may be 
simply cemented to the steel without using heat or pressure; and in that case the seal 
where the lead wire passes through the button will also be effected by cement. 


Final checking 

If possible before covering the reinforcing bar with concrete, it is well to check the 
SR-4 installations by soaking the bar 24 or more hours in water and testing for electrical 
leakage. Models which entail reinforcing assembled so that such soaking is not possible, 
should be allowed to stand in a damp location for two or three days and then tested 
for electrical leakage. 


It would seem exceedingly worthwhile to check, similarly, waterproofed gages in- 
stalled on the reinforcing of field structures. Some form of water cup or damp covering 
should be placed around each waterproofed gage for a check period before the concrete 
is poured. Bad gages may then be replaced and no gage points will be lost. 
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Discussion of a paper by Douglas McHenry and W. T. Walker: 


Laboratory Measurements of Stress Distribution in 
Reinforcing Steel* 


By PHIL M. FERGUSON and AUTHORS 
By PHIL M. FERGUSON? 


The methods described here for the attachment of SR-4 strain gages 
to reinforcing steel open up possibilities for using very short gage lines 
at known critical stress points, something that has often been impossible 
with external mechanical gages. Mr. McHenry and Mr. Walker have 
made a definite contribution to testing technique. 

On the other hand it appears that their interpretation of the test 
data is faulty. The authors apparently assume that they have measured 
maximum steel stresses or that the differences are unimportant. With 
their 8¢-in. gages spaced on 3.5-in. centers, the odds are more than 
three to one that greater unmeasured stresses existed at some crack 
between the gages. They have sampled stresses fairly, but their random 
sampling cannot insure a sample at a maximum stress point. Steel 
stress, even in a well cracked zone of zero shear, is not even approxi- 
mately uniform; large peak stresses occur in the vicinity of cracks. A 
bar like No. 28 may well have a stress reduced by as much as 3000 psi, 
possibly more, at a distance of 1 in. from a crack. On such rapidly 
varying stresses the authors have merely taken random samples. A 
real maximum will show only on a gage carefully centered across a 
crack; and the only way to approach this condition is to have gages 
spaced end-to-end over the entire observed length or at least over a 
length sufficient to cross several major cracks. Information locating 
exactly the cracks that developed on these beams (with reference to 
the gages) would be a valuable addition to the paper. 

Even this random data has been abused in the preparation of Fig. 
6. Here all the gage readings in the middle third of the beam were 


*ACI JourRNAL, June 1948, Proc. V. 44, p. 1041. ; 
tChairman, Department of Civil Engineering, University of Texas, Austin. 
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averaged fce comparison with the calculated steel stress. Steel stress 
is not calculated on the basis of an average stress; the designer attempts 
to calculate the maximum steel stress at cracks. Fig. 6 would look less 
impressive if the authors showed their maximum observed stresses for 
comparison. It would probably be even less impressive if it could show 
the real maximum stress existing in the steel. Until such data is avail- 
able, curves similar to Fig. 6 can be viewed with interest, but they 
cannot be said to have significance. 


The authors state that “the stress distribution along the middle 
third of the bar is more uniform for the bar with pronounced surface 
deformations.”” This may be true, but data at the intervals taken here 
cannot show whether or not such uniformity exists. To a large extent 
the smoothness of the stress curves is a matter of chance determined 
chiefly by the distance of cracks from the nearest gages. This probably 
overshadows any effect of bar surface conditions. 

The writer is not satisfied with the stress distribution pictures of 
Fig. 3 and 5. Duff A. Abrams in 1912 also measured steel stresses in 
beams.* He used a mechanical strain gage on continuous 6-in. gage 
lengths. Although such gage lengths obviously show average rather 
than maximum stresses, his observed stresses under heavy loads show 
steel stresses exceeding the calculated values by 8,000 to 10,000 psi. 
These values look too high, but the tests were carefully performed by 
experienced testing men. The writer regards them as fully as reliable 
as the curves of Fig. 3 and 5, possibly more so, because these readings 
certainly skipped no cracks. 

The writer would like to raise the following points with reference 
to Fig. 3. (1) Was any gage in the middle third exactly across a crack? 
(2) It is well established that steel stresses approach closest to their 
calculated values at loads that approach the maximum capacity in 
bending. Beam No. 2S failed in shear before reaching its moment 
capacity. At the time failure occurred how near was the steel stress 
to the yield point strength of this steel? (3) The pattern of stress looks 
like what would be expected on a second or third loading rather than 
on the initial loading. The first loading always results in a permanent 
non-elastic deflection and leaves corresponding locked-up strains (elon- 
gations) in the steel. These locked-up strains reduce the new stresses 
that are added when the beam is reloaded. Were the data used in 
preparing these curves taken the first time the beam was ever subjected 
to a load or are they the result of reloading? (4) The surface stresses 
on a helical rib bar must be somewhat non-uniform. <A built-up pad 
of solder might well give surface strains different (possibly lower) than 


e *Abrams, Duff A.. “Tests of Bond Between Concrete and Steel”, University of Illinois Engineering 
Experiment Station Bulletin No. 71, p. 199. 
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those in the body of the bar. Were any tests run to compare gages 
mounted in this way with gages mounted by grinding off a smooth area? 

In Fig. 5 the indicated comparison of calculated stresses which are 
shown to be 30 percent above the yield point is certainly meaningless. 
A more reasonable calculated value would be for the 12,000-lb load. 
This would apparently give a calculated stress of about 33,800 psi or 
just below the indicated yield point. . For this same load, gage No. 9 
shows a stress of 30,000 psi, which is not a serious difference. A shorter 
yage directly across a crack might well have showed stress enough 
higher to close the gap. 

Since this is a relatively new method and opens up interesting prospects 
if properly interpreted, one further comment with reference to Fig. 2 
will be made. The shape of this load-stress diagram agrees well with 
the results of tests in the University of Texas laboratory. On the loading 
cycle the first steeper uptrend probably does not indicate cracking but 
rather only that the tension concrete has begun to act less elastically, 
that is, has entered a zone on the concrete tension stress-strain curve 
where the curve is flattening out. Continued loading then passes beyond 
the strain capacity of the concrete in tension and the concrete finally 
cracks. The actual cracking is probably indicated by the zone where 
the rate of gain of steel stress exceeds the calculated rate (fully cracked). 
In Fig. 3 such a zone shows for several gages in the 8000 to 9000-lb 
load zone. 

It is also interesting to observe the unloading part of the cycle where 
stress always decreases first at a slow rate and then more rapidly. 


AUTHORS’ CLOSURE 


The authors appreciate Mr. Ferguson’s interesting discussion, but 
regret that he read into their statements certain meanings which were 
not intended in regard to the interpretation of the data. Discussion 
of maximum permissible design stresses was avoided in the paper, for 
it was recognized that the data were inadequate to permit such a dis- 
cussion. It should be re-emphasized that the tests were basic research 
pointed toward “a better understanding of reinforced concrete, the 
nature of bond, and the function of the surface deformations on rein- 
forcing bars.’’ It is: believed that even the limited amount of data 
presented may lead to a better understanding of the performance of 
reinforced concrete if they are considered from the broad viewpoint 
of general structural behavior rather than from the restricted viewpoint 
of maximum stresses. The writers believe that the former approach is 
apt to be the most fruitful one in leading to improved design methods. 
Although not discounting the importance of measurements of maximum 
steel stress, it seems unlikely that such measurements will lead to im- 








1056-4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1948 


proved practices unless they are used in conjunction with studies of 
various fundamental factors which influence stress distribution and 
deflection, such as the influence of bar deformations on the part played 
by the tension concrete, and similar matters. Tests which are now in 
progress in at least two laboratories to determine the true distribution 
of stress in the compression zone will assist materially in developing an 
improved understanding of reinforced concrete. 

The following answers may be given to specific questions raised in 
the discussion. (1) Two of the gages were located across cracks. Gage 
No. 10 of Beam 28 was intersected by the crack just outside the right 
loading point; this crack was first noted at the 15,000-lb load. Gage 
No. 5 of Beam 4S was intersected by the right branch of the crack at 
the left load point, which was first noted at the 9,000-lb load. Other 
gages located within a fraction of an inch of cracks are No. 5 and 6 
of Beam 2S and No. 9 of Beam 48. (2) The highest steel stress measured 
in Beam 2S was 41,900 psi as compared to the steel yield stress of 45,000 
psi. (3) The test results given were for the initial loading of the beams. 
(4) Such tension tests as have been run for comparison of gages applied 
to solder and steel indicate no great difference in accuracy for the first 
few tests on the bar, although repeated tests in tension nearly to the 
yield point cause gages on solder to become erratic. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don't wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘“‘copper-riveted’’ conclusiveness of formal treatises. 
“Answers to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI Member knowledge 
of concrete “know-how.” 


Sawing and Cutting Concréte Specimens (44-198)* 


Q— More information has been submitted on the previously pub- 
lished question, ‘Will you please furnish any data you have on equip- 
ment and procedures for cutting concrete specimens . . .”’ 


By MARK MORRIS 


A— About twenty-one years ago it became necessary for the Iowa 
State Highway Commission to develop a practical procedure for ob- 
taining concrete beam specimens for flexural tests from concrete slabs 
which were 7 ft wide, 11 ft long and 8 in. thick. Upon investigation we 
found wire or metal crosscut saws using water and abrasives too slow 
and costly for handling any appreciable volume of this work. We also 
found that steel center carborundum saws mounted in standard stone 
cutting machinery were practical for handling large quantities of this 
type of work. Accordingly we purchased from the Pollard Machinery 
Company, Niagara Falls, New York, a standard edging or coping saw 
and adapted it to our purposes. With this equipment we obtained from 
six to ten beam specimens per day, 8 in. in depth, 1 ft wide and 7 ft long 
from the 7 x 11-ft. slabs. With a larger carriage we could have handled 
larger slabs and with a larger saw we could have handled thicker slabs. 
All of our work with these slabs was done with 24-in. and 30-in. saws. 
Larger sizes are available. 


See ACT Journat, Ja vy 1948. P V. 44, p. 41 
Traffic Engineer, lown Stats highway Comnuissio Ames, low 
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In this particular operation we cut from 4 to 51% sq ft of concrete 
per hour, depending upon the type of aggregate in the concrete. In 
cutting gravel concrete with coarse mixes we obtained only about 4 to 
414 sq ft per hour of cutting time. In cutting limestone concrete we 
obtained production at the rate of about 5 sq ft per hour or slightly more. 

We have used this equipment extensively over the past twenty years 
for cutting and trimming a great number and a great variety of concrete } 
specimens. Throughout the years this has been a very satisfactory 
operation. At the present time our equipment is dismantled as we 
had to have the space for other more urgent work. We believe, how- 
ever, that the Kansas State Highway Department has a similar in- 
stallation at Manhattan, Kansas which has been operated for some years 
under the direction of C. H. Scholer, a member of the Institute. 


Design Table for Reinforced Concrete Bearing Walls (44-203) 


By PAUL RICE* 


Table 1, opposite, gives (f./f’.)(A) values which may be multiplied 
by the particular f’. used to give the total load allowed for reinforced 
concrete bearing walls by the ACI Code “Building Regulations for 
Reinforced Concrete’ (ACI 318-47). The suggested reinforcement 
included also conforms to code provisions. The table should be of value 
to one who designs bearing walls infrequently and hence does not readily 
remember the code provisions and bar areas. 


Chemical Reactivity of Dolerite (Diabase) (44-204) 


By BRYANT MATHERT 


The large amount of detailed research work reported in this JouRNAL 
and elsewhere in connection with cement-aggregate reaction in concrete, 
as for example that reported in the paper by McConnell, Mielenz, 
Holland, and Green in October 1947', has tended to emphasize that, 
among the igneous rocks, the rhyolites, dacites, and andesites may con- 
tain reactive natural acid glass but that basalts and diabases do not. 
It was therefore very surprising to find the following statements in a re- 
cent paper’. 

“With regard to the use of unsound materials, Great Britain 
is happily placed .. . . In the United States, however, there are 


*Cunningham-Rudy Co., Detroit, Michigan. ; 
tEngineer (Concrete Research), Concrete Research Division, Waterways Experiment Station, Mississippi 
River Commission, Corps of Engineers, Clinton, Mississippi 
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extensive areas wherein an unsound aggregate is the only material 
economically available. Experience has shown that concrete made 
with these aggregates will, after a period of some years, gradually 
disintegrate completely ..... : Apparently the damage is caused by 
the expansion of particles of opaline silica which are able to com- 
bine chemically with the alkali in the cement... . In Great Britain, 
work carried out by the Building Research Station some years 
ago on disintegrated kerbs demonstrated that certain kinds of 
dolerites had a similar effect, and the use of these dolerites has 
since been abandoned.'*”’ 


Since ‘dolerite’ is a term used in Great Britain to designate rocks 
which are called “diabase’’ or in some cases ‘basalt’? in the United 
States, Reference 16 was consulted. 


This reference* includes only the following statement regarding 
dolerite. 


“Attention has been directed to the fact that the use of certain 
crushed dolerites may cause unsoundness in concrete. The proper- 
ties of various kinds of dolerite are being examined. It appears 
possible that the trouble is associated with the oxidation of minerals 
containing ferrous iron whereby an expansion may be produced. 
Measurements are being made of the oxygen absorption of various 
gradings and types of dolerite and observations are being made of 
the behaviour of soundness test pats made with portland cement 
(normal and rapid hardening) and the finely ground stone. 

“It may be mentioned that the material in question is frequently 
referred to by the name ‘Whinstone’ but this is a term of such 
vagueness that it is considered advisable to avoid its use.” 


It is therefore suggested that the troubles with dolerite or diabase 
which were experienced in Great Britain, while presumably caused 
by chemical reaction in concrete, should not be confused with alkali- 
aggregate reaction as it is understood in the United States. It is believed 
that basalts and diabases are still to be considered relatively innocuous 
with respect to potential deleterious chemical reactivity with the al- 
kalies in portland cement. 


REFERENCES 


1. McConnell, Duncan, Mielenz, Richard C., Holland, William Y. and Green, Kenneth 
T., ““Cement-Aggregate Reaction in Concrete’, ACI Journat Oct. 1947, Proc. 


¥; 
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44, p. 93. 


Sparks, Frank Nelson, ‘‘Some Defects in Concrete Roads: Causes and Remedies”’, 
Institution of Civil Engineers, Road Paper No. 23, London, 1947, p. 14. 

3. “Properties of Certain Dolerites Used as Aggregate’, Report of Building Research 
Board for 1932, published by the Department of Scientific and Industrial Research, 
London, 1933, p. 36. 
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Triethanolamine as Air-Entraining Agent (44-205) 


Q—A concrete research assistant and junior member of the Institute 
writes from England: “I would like to make inquiry concerning an 
air-entraining agent for use in concrete. We have been using 1 to 1.5 
percent triethanolamine in solution, and a mix with solution-cement 
ratio of 0.6. I would also like to know if the chemical has been used 
to any extent in the U.S.A., apart from Vinsol resin and Darex.” 

A—Triethanolamine is an expensive material and I do not recail 
that triethanolamine has ever been used alone in concrete in the field. 
Some tests of triethanolamine and T.D.A. were reported in the Bureau 
of Standards Research Paper RP 1533 “Effect of Added Materials on 
Some Properties of Hydrating Portland Cement Clinkers’’ by Edwin 
S. Newman, Raymond L. Blaine, Charles H. Jumper and George L. 
Kalousek. 


Clay Coating on Aggregates (44-206) 


Q— This query comes from an Institute member in Sydney, Australia. 

“The concrete aggregate here is only found in the river bottom land, 
and is heavily coated with a fat clay requiring washing with a jet or 
heavy stream of water. Have recommended a series of compression 
tests on samples as they come from the washer, as compared with those 
which have been hand scrubbed with a brush to remove all the clay. 

“Can you quote me from any tests which have been run showing 
how the strengths should run with varying percentages of clay covering 
of aggregate? How much would a 5 percent clay coating of the gravel 
reduce the strength? The washing process here will be quite expensive, 
at least to remove all the adhered clay. If we are designing for 4,000 
psi, I would think that a certain amount of fatty clay adherence would 
be permissible where the aggregate is otherwise sound and providing a 
good bond could be secured over the balance of the area.”’ 


By ROBERT F. BLANKS* 


A—Recent tests made on aggregates which remained coated by a 
thin layer of clay after washing and on similar aggregates which had 
been rewashed, showed the coated aggregates to be 5 percent inferior in 
strength at 28 days due to the coating on the aggregates. Published 
results indicate that small percentages of clay coatings which are re- 
moved during the mixing process are harmful only because they in- 
crease the water requirements of the mix. Some test results have shown 
that clay coatings which are removed during mixing actually increase 


*Chief, Research and Geology Division, Bureau of Reclamation, Denver, Colo 
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the strength of lean mixes but usually decrease the strength of richer 
mixes where there are ample fines to fill the voids in the aggregate. 


In answering your question regarding the effects of coatings, I would 
suggest that you make tests with the materials in question to determine 
whether or not the coatings as described will materially affect the proper- 
ties of the concrete. It is the opinion of those who have given this 
question some consideration that tightly bonded clay coatings that are 
not removed during the mixing process will tend to lessen the bond 
between the aggregates and paste, and thereby reduce the strength of 
the concrete. In our tests described above, the 5 percent reduction in 
strength is believed due to this cause. 


Because of our belief that this is a problem which must be answered 
in each case by tests of the materials in question, no effort has been made 
to list test results or make references to the literature. Probably one of 
the best corroborative statements appearing in the literature will be found 
in “The Nature and Effects of Surface Coatings on Coarse Aggregates’’ 
by A. T. Goldbeck, in the 1932 Proceedings of the Highway Research 
Board, p. 305. 


A—Another member of the Institute also suggests that it is important 
to remove the clay: “I will grant that quantitative laboratory data in 
support of clay removal are not available. By the time one gets aggre- 
gates to the laboratory and does the necessary processing to assure 
comparability with standard batches, etc., any clay which may have 
existed as a wet, greasy, tenacious coating, has become dry and more 
often than not, lost. On the other hand, we have seen plenty of evidence 
of the deleterious effects of clay balls in structures. 


“T suggest that a high pressure jet of water does not represent an 
economical method for removing the clay. [ believe that such processing 
can best be done either by scrubbers or log washers. The Complete 
Service Publishing Company, 538 8. Clark Street, Chicago 5, Ill. furnishes 
a good description of the operation of such equipment and gives the 
names of several manufacturers.”’ 


Pumice Concrete (44-207)* 


Pumice concrete is made with portland cement, water, sand, and 
pumice rock. Instead of sand, crushed pumice rock is sometimes used, 
depending upon the properties desired in the resulting concrete. Pro- 
portioning, mixing, and placing are done in a similar manner to that 
employed for conventional concrete, except for wetting of coarse aggre- 
gate prior to mixing to obtain the “plus” values of pumice concrete. 


*Reprinted with permission from the Civil Engineer Corps Bulletin, Oct. 1947, pp. 300-301. 
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Pumice is a highly vesicular glass produced by nature in prehistoric 
times by the extravasation of the water vapor at high temperatures. 
It is a volcanic glass froth composed of a mass of silky interlocking fibers 
of cottony appearance, full of pores, and light enough in weight to float 
on fresh water. The purer deposits that are free from clays, volcanic 
ash and dust are found in the Coso Range in southeastern California. 
These deposits yield grain size and particles that fall within specified 
gradation of the ASTM for concrete aggregates. 

Pumice concrete is used in the same manner, in the same places, and 
for the same structures for which sand and gravel concrete is used. 
Because of its lighter weight, low thermal conductivity, moisture ab- 
sorptivity property, sound dampening effect, and the ability to hold 
nails or be cut with a saw, it is frequently specified where conventional 
concrete is not applicable. It is mixed with the same equipment, using 
the same materials, except for the pumice. It is placed, screeded, 
troweled, and finished by the same craftsmen who work the heavier 
sand and gravel concrete. 

Structural strength varies with the proportions of water, cement, 
pumice rock, and sand in the mix. Uniformity of materials and rigid 
control permit the design of concrete having any specified crushing 
strength from 1,500 up to 3,200 psi. 

Weight of concrete increases with increased specified strength, but 
even in the higher brackets the saving in dead weight of pumice concrete 
is 25 percent over sand and gravel concrete. This is reflected either in 
increased live-load carrying capacity or in economy in reinforcing steel. 
The strength is determined by proportioning the components. The 
weight of concrete increases with the amount of cement and sand used 
and is not dependent upon the amount of pumice in the mix. 

Unlike ordinary concrete that explodes and disintegrates under intense 
heat, pumice concrete has been heated to fusion without exploding or 
spalling. Full size tests were conducted in 1945, where reinforced con- 
crete and reinforced pumice concrete dwellings were filled with gasoline- 
soaked sand and ignited. The conventional concrete exploded and 
spalled, exposing the reinforcing steel which was also damaged by the 
intense heat. The pumice concrete dwelling remained intact, showing 
only a black discoloration. The experiment was repeated with the 
pumice-concrete dwelling when four streams of water were played on 
the conflagration ‘at its maximum intensity. Subsequent inspection 
showed no structural damage to the pumice concrete. 

Low thermal conductivity makes pumice concrete an excellent material 
for refrigerator rooms, roofs slabs, or walls of buildings exposed to 
extreme summer temperatures. The coefficient of thermal conductivity 
is denoted by a k factor, higher values of which denote poorer insulating 
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properties. Pumice concrete has a k factor of 2, whereas sand and 
gravel concrete averages about 12. In other words, heat transmission 
through pumice concrete is one-sixth of that passing through conventional 
concrete. 

The porous nature of pumice makes it an ideal material for absorbing, 
rather than reflecting sound waves. Theatre walls given a “popcorn’”’ 
finish with pumice aggregate exposed on the inside require no further 
treatment to be acoustically correct. Adits and shafts sunk into pumice 
deposits are notable for the complete lack of noise and sound echoes 
even when heavy metallic equipment is working in the pit. 

Nails can be driven into pumice concrete with a holding power de- 
pendent upon the type of nail employed. The leaner mix takes and 
holds almost any nail driven with an ordinary carpenter's hammer. 
Stronger concrete requires subdrilling before driving the nail.  Pull-out 
resistance of 50 lb per nail is a reasonable expectation from a nail pene- 
trating 2 in. into concrete. 

Pumice concrete can be sawn with a carpenter’s saw by unskilled 
laborers. Progress in sawing depends upon the strength of the concrete, 
the leaner mixes being cut with greater facility than the harder ones. 

Economy in larger jobs when using pumice aggregate can be traced 
to reduced cost of power, labor, material, equipment, and form-work. 
Less reinforcing steel is necessary because of reduced dead weight of 
structure. Footings and foundation elements can be made smaller, 
saving concrete, reinforcing steel, and excavation costs, by using a 
material weighing 25 percent less than sand and gravel concrete. Walls 
and ceilings are made soundproof without further finishing of exposed 
surfaces. Roof slabs act as heat insulators, obviating the use of ad- 
ditional insulation. Aggregate costs on the job must be compared on 
the basis of dry volume instead of weight to realize fully the economy 
of pumice. One cu yd of pumice weighs 864 lb, while a cu yd of stone 


aggregate weighs 2,610 lb. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


Fixed points applied to statically indeterminate structures—I 


B. Erickson, Concrete and Constructional Engineering, (London) V. 43, No. 1 


Jan. 1948, pp. 3-8 Reviewed by GLENN MURPHY 


In this first article of a series, the author discusses fixed points and gives a generalized 
procedure for determining their location. He illustrates the application of the method 
in the solution of a continuous beam and a framed structure. 


Fixed points applied to statically indeterminate structures—Il 


B. Erickson, Concrete and Constructional Engineering, V. 43, No. 2 


Feb., 1948, pp. 47-52 Reviewed by GLENN Murpny 


In this installment of the series the author discusses the determination of fixed points 
in multiple story frames and the evaluation of moment in loaded spans. 


Fixed points applied to statically-indeterminate structures—Ill 


B. Eriksen, Concrete and Constructional Engineering, V. 43, No. 3, Mar. 1948 
pp. 78-87 Reviewed by Gienn Murpny 


In this installment three examples are solved to illustrate the application of the 
method of fixed points. They include a warehouse frame with a cantilevered loading 
platform at the level of the first floor, a bridge with restrained beams, and a two-span 
skew girder bridge. 


Eastward extension of London electric railways 
Concrete and Constructional Engineering, V. 43, No. 3, Mar. 1948, pp. 70-75 


teviewed by GLENN MuRpHY 


The construction of the Central line from Liverpool Street to Woodford and Newbury 
Park, known as the Ilford Tube, is described. Both surface tracks and subway con- 
struction are used. Cast-iron segments were used for much of the underground con- 
struction, but about 234 miles are lined with reinforced concrete segments as described 
in Concrete and Constructional Engineering for August 1939. Retaining walls, bridge, 
and viaduct constructions are featured in this article. 
Design of raft foundations 
C. W. J. Spicer, Concrete and Constructional Engineering, V. 43, No. 3, 

Mar. 48, pp. 65-69 Reviewed by GLENN Murpny 

The author discusses the assumptions used in foundations theory and suggests the 
following as suitable for an approximate analysis if the columns are approximately 
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uniformly spaced and if the area of the raft around each column is proportional to 
the dead load. 
1. The dead load will be distributed uniformly along the length of the base because 
a permanent deformation will occur in the soil, and the concrete will creep, re- 
distributing the stress. 
2. Under live load the average pressure under the columns will be assumed to be 
two-thirds of the yield-point pressure of the soil. 
3. The yield-point pressure of the soil (in the absence of tests) will be assumed to 
be twice the estimated safe pressure. 
4. If the spacing of columns is very irregular, the dead-load pressure will be assumed 
equal under that part of the raft considered to be interested in carrying the loads. 
An example is discussed. 


Nomograms for the design of reinforced concrete beams and slabs 
J. 8. Savona, Concrete and Constructional Engineering, V. 43, No. 2 


Feb., 1948, pp. 33-40 ba Reviewed by GLENN Murpuy 

The author presents a series of nomograms which will assist in the design of rein- 
forced concrete beams of rectangular cross section, with or without compression steel 
and for the design of T-and L-beams in which the neutral axis lies below the junction 
of the flange and web. Although the author does not so state, it is assumed that the 
nomograms are based on the conventional analysis. The scales are designed to accom- 
modate a wide range of each of the variables. 


Genissiat Dam 
Concrete and Constructional Engineering. V. 43, No. 2, Feb., 1948 
pp. 53-54 Reviewed by GLENN Murpnuy 
Design and construction features of the Genissiat Dam on the Rhone River are 
described. The structure is essentially a gravity dam curved in plan form with a 1,640 ft 
radius. The maximum height is 340 ft and the maximum base width is 328 ft. The 
million cubie yard structure required 200,000 tons of cement and 9,000 tons of steel. 
Graded aggregate to a maximum of 6 in. was used. 


Reconstruction of quay walls, Le Havre 
Concrete and Constructional Engineering, V. 43, No. 2, Feb. 1948 
pp. 55-58 teviewed by GLENN Murruy 
This article describes the reconstruction of partially destroyed walls with the use 
of both precast and cast-in-place reinforced concrete elements. In portions of the 
structure precast beams were placed and concrete cast around them, bonding them 
to the rest of the structure. The over-all height of the wall is approximately 30 ft and 
the base width about 16 ft. 


Reinforced concrete viaduct at Stockholm 

Concrete and Constructional Engineering, V. 43, No. 2, Feb., 1948 
pp. 41-46 § Reviewed. by GLENN Mureny 
Design data are given for the Skansbron Viaduct in Stockholm and a number of 

photographs and sketches are included. The total length of the viaduct is 1,890 ft, 

with an elevated road junction at one end. It consists of a 16-span girder section, an 

open spandrel arch with a span of 367 ft, and a 4-span girder section 130 ft long. The 

viaduct has a total width of 112 ft 6 in., which will accommodate two roadways 


, each 


24 ft 6 in. wide, two cycle paths, two footpaths, and two railway tracks. The structure 
is designed for a uniform live load of 700 lb per ft, plus a concentrated load of 11 tons. 
Additional allowance is made for impact. The viaduct is supported by four girders 
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under each roadway and two under each railway track. The girders under the railway 
are 3 ft 7 in. wide and 6 ft 9 in. deep, carrying a 5-in. slab. The roadway girders are 
3 ft 3 in. wide, 8 ft 2 in. deep, and carry a 6%-in. slab. The reinforcing steel is yy; in. 
in diameter and is welded to 98-ft lengths. The concrete used in the structure was 
designed for a 28-day strength of 6,400 psi. 


Demolition of an anti-aircraft tower in Berlin 
Concrete and Constructional Engineering, V. 43, No. 1. Jan. 1948 


pp. 23-25 teviewed by GLENN Murpuy 

This article describes the demolition by the British Army Engineers of a 223.3-foot- 
square monolithic reinforced concrete tower six stories high and having a weight of 
190,000 tons. The walls of the structure were 8 ft thick, and the floors 2 ft thick. No 
expansion joints were present except a %4-in. layer of bitumen between the floor and 
the foundation raft. High quality (German specification No. 2325) cement had been 
used with a water-cement ratio of approximately 0.45. The demolition was accom- 
plished by a total of about 50,000 pounds of British TNT, approximately half of which 
was placed on the ground floor. The entire charge was detonated simultaneously. 
The charge involved about 7% of the amount of explosive calculated to destroy the 
tower, because the complete charge would probably have caused excessive damage 
to adjacent building. The floors were shattered by the explosion, but remained hanging, 
pieces of the interior walls fell to the ground floor, the outer walls were cracked, par- 
ticularly at the floor level, and the columns were damaged. 


Engine sheds for the L. M. S. Railway 
Concrete and Constructional Engineering, V. 43, No. 1, Jan. 1948. 

pp. 9-19 Reviewed by GLENN MurRpuy 

Some of the difficulties incident to the repair of roofs of engine sheds are discussed. 
One important problem is the reduction of the deterioration of the concrete due to 
the smoke. As a result of research in the L. M. 8. wind tunnel, a new design of smoke 
trough was developed which has increased effectiveness in removing smoke from the 
sheds. The application of two coats of bituminous solution also proved effective in 
protecting the concrete and preventing condensation. Precast reinforced concrete 
members are extensively used in the reconstruction of engine sheds and round houses. 
The largest single precast member used is a beam 50 ft long, having a weight of 121% 
tons. In the engine shed recently constructed at Carlisle, 10,000 precast members 
were laid in a period of less than 8 months by a crew of 27 men. The article contains 
a number of photographs and detailed descriptions of construction techniques. 


Activation of mortar for concrete 
S. Nycanper, Betong, V. 32, No. 11, 1947 Hicuway Researcn ABSTRACTS 


By “activation” is meant “whipping” or very intensive mixing, with the mixer 
blades moving at a velocity of at least 6 m per sec., of the cement, sand and water 
before the coarse aggregate is added. Consideration is given briefly to the effect of 
the “activation” of mortar for rendering and of concrete with reference to experiments. 
It is concluded that when a mortar is treated in this way for a sufficiently long time 
a gelatinous paste is formed, the consistence and cohesion of which are such that segre- 
gation or sedimentation does not occur. The workability and homogeneity of the 
concrete are improved by the formation of the gelatinous paste which keeps the coarse 
and fine aggregate particles in close contact. The activation process is stated to have 
a very favorable effect on the concrete properties in respect of impermeability, elasticity 
and resistance to the effects of freezing and thawing. 
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Studies of slab and beam highway bridges: Part Il—Tests of simple-span skew I-beam 
bridges 
N. M. Newmark, C. P. Stess, W. M. Pecknam, Bulletin No. 375, University of Illinois 
Engineering Experiment Station, Jan., 1948 
Author's abstract prepared by C. P. Stress 

Laboratory tests were made on five I-beam bridges having angles of skew of 30 and 
60 degrees. The structures tested were quarter-scale models of simple-span bridges 
and except for the skew, were similar to the right I-beam bridges described in Bulletin 
363. The purpose of these tests was to determine the effect of skew on the behavior 
of I-beam bridges. Since no analysis of the skew bridge was available, the tests were 
so planned as to permit direct comparison with the results from the previous tests of 
right bridges. 

In this bulletin the results of strain measurements at various points on skew bridges 
are compared with the corresponding data for right bridges. These comparisons furnish 
the basis for the following conclusions regarding the effect of angle of skew on the 
behavior of I-beam bridges: (1) The maximum moments in the beams are decreased, 
but only for the larger angles of skew. (2) The controlling moments in the slab—the 
positive moments at the center of a panel—are increased. 


Directory of Engineering Data Sources 


64 pp., Southeastern Research Institute, Ine., Atlanta, Ga., 1948, $2.50 


This reference work in bulletin form (paper covered) gives more than 500 sources of 
published engineering data. Scope of the booklet is limited to United States organ- 
izations. Section I on “government printing office and federal agencies” lists govern- 
ment agencies engaged in engineering and scientific work, suggests Government Printing 
Office price lists and cites some of the more important government reference publications 
and periodicals (with prices). Section II lists universities, colleges and state agencies 
giving mailing addresses and name and price of many publications. Section III in- 
cludes name, address and publications of some 160 scientific, technical and trade asso- 
ciations and organizations. Section IV lists commercial publishers of books and 
periodicals. . 

A classified section gives sources of information (referring back to the first four 
sections of the book) on aeronautics, meteorology, air conditioning, heating, refri- 
gerating, astronomy, atomic energy, ceramics, refractories, glass, chemistry, plastics, 
civil engineering, architectural engineering, electrical engineering, electronics, radio, 
telephony, geology, mining, petroleum, instruments, apparatus, mathematics, physics, 
mechanical engineering, metals, metallurgy, welding, military and naval engineering, 
and textile engineering. 


The effect of eccentric loading, protective shells, slenderness ratios, and other variables 
in reinforced concrete columns 
F. E. Ricuarr, J. O. Drarrix, T. A. Orson, and R. H. Herrman, Bulletin No. 368, 

University of Illinois Engineering Experiment Station, Novernber, 1947 

Reviewed by C. P. Stress 

This bulletin presents the results of tests on 504 reinforced concrete columns. The 
principal factors studied were (1) the effect of eccentric loading, (2) the effectiveness 
of protective shells as load-carrying elements, and (3) the effect of column slenderness 
on strength and manner of failure. The tests were made during the period 1914 to 
1938, and although they have not previously been published, many of the test results 
were used as references by committees engaged in the preparation of the 1940 Joint 
Committee Report and the ACI Building Code. Thus, an important feature of this 
bulletin is that it presents supporting data for some of the column design provisions 
set forth in those specifications. The tests of eccentrically loaded columns are par- 
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ticularly significant in this respect, since this bulletin describes in detail the develop- 
ment and supporting data for the method of design given in the current specifications. 
Similarly, the data on protective shells are offered as complete justification of the use 
of the gross column cross-section in design. An interesting feature of the bulletin is 
the analysis of the results for slender columns by means of the Engesser tangent-modulus 
theory and the Considére-Engesser double-modulus theory. In general, the agreement 
between the tests and the theory is sufficiently good to suggest a rational method of 
extrapolating the test results to columns of greater slenderness ratios than any used 
in these tests. The results of several other series of tests on miscellaneous subjects 
are also included. Among these are tests on columns made with fly-ash and cinder 
concrete, some of which were tested under sustained load for over 5 years. 


Stress Analysis and Design of Elementary Structures 
James H. Cisser, Second edition, John Wiley and Sons, New York, N. Y. 

1948, $5.00 Reviewed by I. E. Morais 

“Stress Analysis and Design of Elementary Structures’, by James H. Cissel, pro- 
fessor of structural engineering, University of Michigan, was written primarily for 
use in a comprehensive structural course for non-civil engineers. Part I is devoted to 
stress analysis, and Part II to the design of simple structures. 

The author has collected and arranged in a logical order, the basic principles and 
procedures which relate to stress analysis and design. The material is clearly and 
concisely presented, arid is based on the assumption that the student has completed 
the study of statics and of strength of materials. At the end of each chapter, data 
for problems have been added to aid in class instruction. In the choice of data for 
these problems, the author has shown exceptionally good judgment. Any student 
who solves, and understands, all of the problems presented can be considered well 
grounded in structural fundamentals. Too often the problems used in text books 
have little practical value and do not parallel’ problems encountered in practice. It is 
believed, however, that this book has escaped that weakness, 

There are tables and diagrams giving data for use in the design of structural steel, 
reinforced concrete and wooden structures. In addition to data on welded connections 
there is a chapter which relates to the design of light-gauge steel construction. This 
chapter is particularly useful, since such material is seldom found outside of manu- 
facturer’s catalogs. 

Another point in the book’s favor is that the subject material in Part IT is consistent 
with the most recent specifications for designing structures. Chapter 10 has been 
rewritten to incorporate the most recent changes in specification of the American Iron 
and Steel Institute, the American Association of State Highway Officials and the 
American Railway Engineering Association. Another chapter has been reworked to 
bring the material on reinforced concrete into line with present-day recommendations 
of the American Concrete Institute. 


Manual del Proyectista (Designers’ Manual) 
Jose RK. pet Gatieco, Editor, Guadalupe Inn, D. F., Mexico Eprror’s Review 
The “Manual del Proyectista’”’ in Spanish was prepared as an auxiliary tool for the 
rapid calculation of concrete members most commonly met with in the design of average 
buildings. Data are given in metric units. All formulas used and design methods 
presented are based on “Concrete, Plain and Reinforced” by Taylor, Thompson and 
Smulski. The first pages of the manual are an abstract of the Mexico City Building 
Code, with information on loads, working stresses, ete. 
Working stresses used to develop the nomographs were: f, 1200 k/sq em, f- 
45k /sq em and n 15. Full explanation of use of the nomographs is given; also each 
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nomograph is accompanied by a problem solved, first analytically, then by means of 
the diagram. All restrictions and limitations for each type member in compliance 
with the Mexico City code are shown with the nomograph for that member. 

Typical of the work is Nomograph 1; with load, span and end conditions given, 
bending moment and net depth are determined. Then for any given diameter of rein- 
forcement, its spacing may be determined. Other nomographs provide design data 
for rectangular beams with steel in both te» and bottom, T-beams, T-beams with 
steel in top and bottom, vertical web reinforcement, columns with vertical steel, columns 
with spiral steel, rectangular footings and square footings. There are also nomographs 
for determining board measure of lumber and electrical wiring needs. 

One outstanding nomograph for determining net slab depth automatically takes 
into account the additional load occasioned by the weight of the net depth of slab. 


Investigation of the strength of the connection between a concrete cap and the embedded 
end of a steel H-pile 
Research Report No. 1. Ohio Department of Highways ,December 1, 1947 

Highway ResearcH ABSTRACTS 

For many years standard design for bridges and structures required that the tops 
of steel piles that were to be encased in concrete first be equipped with bearing plates 
suitably fastened to the tops of the piles to provide even bearing or reaction pressure 
of the steel against the concrete. To carry out such a design requirement usually a steel 
plate was welded in a horizontal position on top of each pile and provided with two 
drill holes, one on either side of the web of the H-column, to prevent pocketing of air 
during placement of the concrete encasement. 

It was known that there was a lack of positive information supporting this practice, 
consequently there was need for an investigation. Four series of tests, designated “A’’, 
“B”, “C” and “D”, including a total of 47 specimens, were made by engineers of 
the State Highway Department utilizing testing facilities at the Engineering Experi- 
ment Station of the Ohio State University, Columbus, Ohio. 

Each specimen consisted of.a short section of either 6 x 6 in. or 10 x 10 in. steel H- 
column, milled square on both ends, and embedded in a cast concrete block to a depth 
not exceeding 18 inches. One end of the column protruded at right angles from a face 
of the block. Concrete blocks were 2314 inches square for series A specimens and 33 
inches square for all specimens of the other three series. Steel bearing plates on the 
embedded ends of the H-columns were used in eight specimens, two in Series “‘C’”’ and 
six in Series ‘““D”’. 

The report gives complete data on the stress-strain relationship for each specimen 
as recorded during compression testing for the ultimate load bearing capacity. Results 
of the loading tests on specimens of Series C and D are of the greatest value for compar- 
ing piles with and without welded steel bearing plates embedded in their concrete caps. 

Some 30 in.-thick blocks in Series D were introduced and it was found that the ulti- 
mate loads supported were very great—more than one-half million pounds on one 
unit of 10-in. H-column. This thickness of concrete without the aid of steel cover 
plate on the pile was sufficient to develop the full strength of the 10-in. H-pile. 

The authors offer the following general conclusion: Although the reader may dis- 
agree with the discussion regarding the interpretation of some of the phenomena ob- 
served, the evidence is believed conclusive that where the top of a steel H-pile is em- 
bedded in a concrete cap or footing, if the pile itself is of adequate section and the 
concrete member is of adequate size and arrangement and properly reinforced for the 
pile reactions, there need be no concern regarding the strength of the connection for 
compressive force, and it is unnecessary to provide a bearing plate or other auxiliary 
bearing device at the top of the pile. 























CURRENT REVIEWS 1071 


Experiences in Illinois with joints in concrete pavements 
J. S. Cranvett, V. L. Grover, W. C. Huntinetron, J. D. Linpsay, F. E. Ricwart, 


and C. C. Wirey. Bulletin No. 365, University of Illinois Engineering Experiment 

Station, December, 1947 Reviewed by C. P. Sress 

This bulletin presents the results of a well-planned and comprehensive series of 
laboratory and field investigations of joints in concrete pavements. The tests reported 
were carried out during the period 1934-1940 by the University of Illinois and the 
Illinois Division of Highways, and involved approximately 27 types of expansion or 
contraction joints and 18 types of load transmission devices. 

The various types of joints and load transmission devices investigated are described 
in detail and are illustrated by both sketches and photographs. The types of expansion 
joints considered included all-metal copper-seal joints of both the air-chamber and 
preformed-filler types, and open joints with both poured and preformed fillers. Con- 
traction joints tested included dummy joints and a few types of metal-sealed joints 
similar to all-metal expansion joints. Load transmission devices investigated included 
the ordinary round bar dowel and 17 patented devices. In general, the types of joints 
and load transmission devices included in these tests were those in use or proposed for 
use in Illinois in 1937. 

The laboratory tests were made by both the University of Illinois and the Division 
of Highways, and the two series were parallel in character. Some types of joints were 
tested by both agencies and others by only one. The several types of tests made were 
as follows: (1) Load transmission tests in which various types of load transmission 
devices were tested in shear. (2) Repeated opening and closing tests of all-metal joints 
with copper seals. (3) Tests of anchorage of copper seals in the concrete. (4) Com- 
pression tests of joints and joint fillers. (5) Studies of resistance of joints to collapse 
and leakage during installation. 

The field investigations are divided into four parts: three series of field inspections 
and the Armington Experimental Road. In 1937 a committee of faculty members 
from the University of Illinois inspected over a thousand joints in Illinois and in 16 
other states and the District of Columbia. The joints and the adjacent concrete were 
carefully examined and in many cases the bituminuous caps and end seals of the copper- 
seal joints were removed to permit more detailed inspection. Also in 1937 personnel 
of the Illinois Division of Highways examined 657 expansion joints on 65 different 
paving sections in Illinois. In many cases the copper seal was removed to permit 
inspection of the interior of the joint. In 1939 a second investigation by the Division 
of Highways was carried out in which 3364 joints were examined. The results of the 
three field investigations mentioned above are presented and discussed in detail under 
the following headings: (a) condition of copper seals, (b) spalling at joints, (c) con- 
dition of bituminous caps and asphalt filler, (d) infiltration of dirt and water into joints 
and transverse cracks, (e) condition of premolded joint fillers, (f) condition of load 
transmission devices, (g) pavement roughness induced by joints, (h) pavement cracking. 

The Armington Experimental Road located in Central Illinois consists of two sections 
of 20-ft wide 9—6!4—9 concrete pavement totalling 1.4 miles in length. The road 
was divided into 30 sections each containing a different type of joint. Twenty-seven 
types of expansion joints and 11 types of load transmission devices were used in various 
combinations. The results of the observations and measurements are discussed under 
the following headings: (a) movements at expansion joints, (b) movements at con- 
traction joints, (c) horizontal movements of slabs, (d) vertical movements of slabs, 
(e) condition of copper seals, (f) asphalt seals, (g) premolded rubber seals, (h) dummy 
joint breaks, (i) natural transverse cracks, (j) extrusion of fillers and bituminuous 
seals, (k) daily movement at joints, (1) infiltration, (m) water-tightness, (n) reinforce- 
ment and (o) load transmission devices. 
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Low cost cabinet for testing membrane curing compounds 
From Special Report by G. H. Brrsz ann L. S. Carson, State Highway Department, Materials and 


Research Laboratory, Oklahoma City, Oklahoma HiGHWAY RESEARCH ABSTRACTS 

Among the various means available for providing suitable curing for portland cement 
concrete are the so called membrane curing compounds. Although these compounds 
have been manufactured for some years, and have been used by various organizations 
their use became more extensive during the war. 

Since the principal value of the product lies in the demonstration of efficiency in 
the retention of the mixing water, this phase of the testing procedure is of special d 
interest. Requirements as to water retention are usually based on the percent water 
loss after the membrane has been applied, during a test period when the specimen is 
subject to certain temperature and humidity limits. The many variables involved 
have no doubt contributed to divergent viewpoints and a lack of unity, as to specifi- 
cations and testing procedures. In order to control these variables, notably duration, 
temperature, and humidity, aside from the control of other variables in the preparation 
of the specimen and the application of the compound, a cabinet is needed which will 
provide an adequate circulation of air at the desired temperature and humidity (in 
this case, 100F at 30-35 percent relative humidity for 72-hr periods). Note that this 
cabinet also conforms to the requirements of ASTM C156-44T. 

A General Electric dehydrating cabinet, Model FM8D11, intended for the dehy- 
dration of fruits and vegetables was purchased. This unit, constructed of wood and 
masonite, measured 24 in. wide by 31 in. high by 27 in. deep outside, and was furnished 
with a full sized door. The upper two-thirds of the cabinet was occupied by five re- 
movable shelves, 21 in. wide by 18 in. deep, spaced at 234-in. intervals from bottom 
to bottom, constructed of wood, and provided with perforated metal bottoms. A 
novel but important feature was an arrangement whereby each shelf could be moved 
34 in. further back than the shelf below, so that the rear of the top shelf was only an 
inch from the backwall. 

In operation, a fan pulled air from the front of the cabinet, forcing it past the heating 
units to the rear of the heating compartment. When the air stream struck the rear 
wall, it was directed upward through the open slot in the compartment, thence up the 
rear wall of the cabinet. During passage up the rear wall, the abutting shelves each 
stopped a portion of the air current and directed it over the shelf below toward — 
the front. The remainder of the air stream was diverted toward the front of the 
cabinet by the ceiling, and recirculated by the fan. Fresh air was drawn into the 
cabinet through slots arranged in the door frame which could be sealed with tape, 
when desired. 

TEMPERATURE—Temperature was controlled by means of a thermostat and 
temperature regulator and a 60-750-watt beehive refrectory type heating unit supple- 
mented by a 25 to 60-watt light bulb. The temperature may be brought to 95 F in | 
3 or 4 minutes and stabilized at 100 F + 0.5 degrees. 

HUMIDITY—A special wet bulb thermometer, provided with contact points ad- ii 

justed to 76.5 F corresponding to 34 percent humidity, was placed in the air-stream. 
The thermometer acts as an effective switch to actuate a sensitive relay, which turns 
off the moist air supply at that point, and at the same time turns on the dry air, thereby 
reversing the humidity trend. The parts needed were two small fans, a quantity of 
air tubing, means to add or remove water from the evacuated air, a sensitive relay 
unit, a thermoregulator provided with suitable electric contacts, and means to utilize 
it as a wet bulb thermometer. 

The authors give a step by step description of the renovation and equipping of the 
cabinet. The temperature and humidity controls and final calibration are explained 
in detail. 
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PREPAKT REPORTS... 


e+» ON BONDING STRENGTH 


A difficult problem 
in structural repairs 
is that of securing a 
permanent bond be- 
tween the new and 
old concrete. To ob- 
tain such a bond, 
PREPAKT Concrete 
builds the bond from 
the inside out. 

Penetrating into = 
the pores of the old | 
concrete, PREPAKT 
Concrete creates a 
bond which extends 
far beyond the surface, an- 
choring the new PREPAKT 
Concrete deep within the 
old structure. 


A bond of this type, join- 
ing the old and new through 
depth rather than over a 
plane surface, makes the re- 
paired structure a cohesive 
whole, with the new con- 
crete being integral rather 
than merely additive. 
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MICRO-SECTION showing the deep penetration 
of PREPAKT Concrete into old structure to form 
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TO ILLUSTRATE THE POINT:— 


A main girder of Seattle Boulevard 
Viaduct, Seattle, had cracked at the 
point of maximum shear. PREPAKT 
Concrete was used to repair the 
damage. 

Not long afterward an earthquake 
rocked the area .. . one near-by build- 
ing collapsed while another was very 
severely damaged. The bond between 
the new and old concrete in the girder 
withstood the earthquake without a 
trace of damage .. . just as it with- 
stands the daily pounding of heavy 
vehicular traffic and the constant 
vibration caused by trains passing 
beneath it. 
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New York convention 


plans develop 


The New York convention build-up for 
next February is off to a good start. That 
start was initiated by the Technical Activities 
Committee in outlining sessions and subject 
matter at its April meeting in Chicago. May 
18 a New York group rose to the special 
responsibilities of a local convention com- 
mittee. In June the Technical Activities 
Committee and the Executive Committee, at 
meetings in Detroit, will review progress up to 
that time in anticipation of program de- 
velopments brought to approximate crystalli- 
zation for consideration of TAC and Board 
of Direction at meetings in early October. 

The New York meeting was auspicious in 
the lively expressions of interest and in facing 
the task of making known to concrete engi- 
neers, especially throughout the northeastern 
territory, what ACI has to offer to members 
and also to potentially interested non- 
members—who must be regarded as member 
prospects. 

Douglas E. Parsons, ACI past president, 
chairmanned the New York meeting in his 
capacity as chairman of the Technical 
Activities Committee. Frank H. Jackson, 
ACI vice president; Stanton Walker, past 
president; directors Paul W. Norton, Boston, 
and Myron A. Swayze, New York, were all 
present as well as _ Secretary-Treasurer 
Whipple, so that the board and the TAC 
were well represented among a local group 
of ACI members of diverse interests and 
viewpoints individually, and collectively a 
representative ACI cross section. 

M. J. MeMillan, New York, manager 
eastern offices, Portland Cement  Asso- 
ciation, Was unanimously chosen chairman 
of the New York convention committee. 
Mr. MeMillan promised a meeting of his 
committee soon to preview the — local 
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committee undertaking: (1) to survey 
the possibilities of suggestions to TAC 
before its June meeting which TAC might 
adopt in working out, at an early date the 
subject matter and personnel of the con- 
vention’s technical program, or in pro- 
viding that necessary surplus of offerings 
to be considered for Journal publication; 
(2) to list and devise means to reach 
that large, potentially interested engi- 
neering public upon which ACI depends 
for a continuation of its healthy member- 


Who's Whe 


June 1948 


ship growth. Every convention presents 
such opportunities; New York, drawing 
upon a large and important area offers 
special opportunities along these lines. 
A group meeting in Boston May 27, 


arranged by Directors Norton and 
Kennedy which Mr. MeMillan and 
Secretary Whipple both attended, 


aimed to enlist the active participation 
of New England in the work of making 
the New York convention an outstanding 
event. 


This Month 





F. H. Jackson and Harold Allen 


are co-authors of the extensive ‘‘Concrete 
Pavements on the German Autobahnen’’ 
on p. 933. F. H. Jackson, long-time 
Institute member and now vice president, 
needs little introduction to the regular 
ACI reader. Author ef five previous 
Journal contributions, he has served on 
numerous ACI technical committees as 
well as publications, advisory, program 


and technical activities committees. 
Professionally -he has been associated 
with the Public Roads Administration 


(formerly the Bureau of Public Roads) 
since 1905; he is now principal engineer 
of tests in the P. R. A. Division of Physical 
Research. 

Harold Allen received his B. 38. 
C. E. degrees from the 
Colorado, and his M. S. in Civil Engi- 
neering from Kansas State College. From 
1921 to 1927 he was engaged in concrete 
research and in the testing of highway 
materials at Kansas State College. 
1927 to 1937 he was materials engineer for 
the State Highway Commission of Kansas. 
Since 1937 he has been engaged as a 
materials engineer for the Public Roads 
Administration and has devoted most of 
his time to soils. At the 
present time he is in charge of the sub- 
grade section of the Division of Physical 
Research. As chairman of Highway 
Research Board committees, he has been 


and 
University of 


From 


research in 


active in the investigation of the warping 
of concrete pavements and in the pumping 
at joints between 


concrete pavement 


slabs. 


Ruth D. Terzaghi 


Past contributor to discussion and Job 
Problems and Practice sections, Ruth D. 
Terzaghi presents her first full length 
ACI paper, Deterioration in 
a Shipway”, p. 977. Mrs. Terzaghi, an 
active geologist, received her bachelor’s 
and master’s degrees from the University 


“Concrete 


of Chicago and taught geology at Goucher 
College in 1925 and 1926. She engaged 
in further teaching practice at Wellesley 
College from 1926 to 1928 and in 1930 
received a Ph. D. in 
Radcliffe. 

She has cooperated with Karl Terzaghi 
on examination of dam sites in Russia, 
North Africa, central Asia and Mexico, 
investigated properties of grouting liquids 
containing sodium and now 
engages in consulting work on problems 
of concrete deterioration. 


geology from 


silicate, 


She was pre- 
viously mentioned in News Letter pages 
(February, p. 14) as one of the lecturers 
in the Harvard Graduate 
School of Engineering course on concrete 


University 


technology. 


Mrs. Terzaghi has published about a 
dozen articles on geological subjects; she 





| 
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contributed to discussion of T. C. Powers’ 
ACI paper, ‘Working Hypothesis for 
Further Studies of Frost Resistance of 
Concrete” (Proc. V. 41); her paper on 
“TDeterioration of Concrete” is scheduled 
for publication in the forthcoming Pro- 
ceedings of the American Railway Engi- 
neering Association. Currently she is 
collaborating with Karl Terzaghi on 
preparation of a book on engineering 
geology. 


C. H. Scholer and W. E. Gibson 


share honors for “Effect of Various Coarse 
Aggregates Upon the Cement-Aggregate 
Reaction” appearing on p. 1009 of this 
JournaL. C. H. Scholer is a director of 
the Institute and may be remembered 
as author of “Consistent Inconsistencies 
in the Consistency of Concrete’ (ACI 
Proc. V. 37, p. 357). His personal ac- 
complishments are perhaps too well 
known to Institute readers to recount 
them here; he is now head of the depart- 
ment of applied mechanics at Kansas 
State College, Manhattan. In addition 
to his ACI membership, Professor 
Scholer’s affiliations include Sigma Tau, 
Alpha Kappa Lambda, Phi Kappa Phi, 
Sigma Xi, A.S.T.M. A.S.C.E., A.A.S.H.O., 
Highway Research Board and the Kansas 
Engineering Society. 

W. E. Gibson graduated in civil 
engineering from Kansas State College 
in 1927 and received his M.S. and C.E. 
degrees there in 1933. From 1927 to 
1930 he worked as a civil engineer for 
Kansas State College. In May 1930 
he became engineer of tests for the 
Kansas State Highway Department and 
was placed in charge of the Road Materials 
Laboratory at Manhattan. In this 
capacity he served until 1942 when he 
was granted a leave of absence to work 
as research engineer for the Portland 
Cement Association, also in Manhattan. 
At the expiration of the leave in 1946, he 
resumed his former duties and holds the 
same position today. 


H. S. Sweet and K. B. Woods 


The co-authors of “Evaluation of Aggre- 
gate Performance in Pavement Concrete,” 
p. 1033, are research engineer and associate 
director, respectively, of the Joint High- 
way Research Project at Purdue Uni- 
versity. 

Harold 8S. Sweet is a University of 
Wyoming graduate (1939) and was a 
graduate assistant on the highway re- 
search project while studying for his 
master’s degree at Purdue. He received 
the degree in 1941 and during the war 
served in the structural research division 
of Lockheed Aircraft Corp. Following 
this assignment Mr. Sweet returned to 
Purdue where he has since been on the 
staff of the Joint Highway Research 
Project, working on concrete and concrete 
aggregate research. Previous published 
work includes (with K. B. Woods) a 
Purdue University bulletin on chert as a 
deleterious aggregate constituent and a 
Highway Research Board paper (with 
Woods and T. E. Shelburne) on blowups 
correlated with aggregate source. 


In addition to holding ACI’ member- 
ship, Mr. Sweet is a junior of the American 
Society of Civil Engineers, associate of 
the Highway Research Board and a 
member of Sigma Xi and Sigma Tau. 


K. B. Woods, whose ACI membership 
dates from 1940, graduated in civil engi- 
neering from Ohio State University in 1933 
and was a part-time instructor there for 
the following three years. From 1933 to 
1939 he was soils engineer for the Ohio 
highway department; in 1938 he received 
a C. E. degree from Ohio State. 


Since 1939, Mr. Woods has been pro- 
fessor of highway engineering at Purdue, 
and associate director of the Joint High- 
way Research Project. He is author of 
numerous bulletins and papers including 
(with Sweet) those mentioned above. 
He is now chairman of A.8.T.M. Com- 
mittee C-9 on concrete and concrete 
aggregates. 
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Douglas McHenry and W. T. 


Walker 


both of the structural research section of 
the Bureau of Reclamation at Denver, 
contribute ‘Laboratory Measurement of 
Stress Distribution in Reinforcing Steel’, 
p. 1041. 


Douglas McHenry attended the Uni- 
versity of Minnesota from 1921 to 1924, 
and then joined the field engineer staff of 
the Southern California Edison Co. on 
Florence Lake and Shaver Dams of the 
Big Creek hydroelectric development. In 
the early 1930’s he was with the Phoenix 
Utility Co. in Washington, and then did 
mining engineering work for two years. 
Following a period of research work on 
concrete structures for the Tennessee 
Valley Authority, chiefly observations of 
structural behavior and concrete tech- 
nology at Norris and Hiwassee Dams, 
Mr. McHenry joined the dam design 
division of the Bureau of Reclamation 
in 1940; here he was head of the special 
studies unit. In 1943 he transferred to 
the bureau laboratories to assume his 
present position as head of the structural 
research section. 


His published include infor- 
mation on structural analysis, concrete 
temperature control and laboratory re- 
search on concrete. Mr. McHenry is a 
member of the American 
stitute, the American Institute of Physics, 
the American Society of Civil Engineers 
and Sigma Xi. 

William T. Walker, 
engineering graduate of the University of 
from the 


papers 


Concrete In- 


1939 civil engi- 


Tennessee, received his M.S. 
same school in 1940. Briefly thereafter, 
he worked for Babcock and Wilcox Co. 
and the American Bridge Co. 
entering government employ as an engi- 
neer at the Charleston Navy Yard, 
Charleston, 8S. C. He remained there on 
work related to ship construction until 
June 1944 when he 
Washington, D. C., to do structural design 


before 


transferred to 


of ships at the Navy Bureau of Ships. 
In May 1946 he went to the Bureau of 


june 1948 


Reclamation at Denver, where he is now 
engaged in reinforced concrete research. 





Dalton G. Miller receives A.S.A.E. 
award 

ACI member Dalton G. Miller will 
receive the Deere medal of the 
American Society of Agricultural Engi- 
neers during its annual meeting in Port- 
land, Ore., June 24. This medal is awarded 
annually to honor outstanding engineering 
achievement in the field of agriculture; 
winners are chosen by an awards jury 
consisting of the seven immediate past 
presidents of the society. 


John 


Mr. Miller worked on drainage engi- 
neering with the U. 8S. Department of 
Agriculture for nearly four decades before 
transferring to the Public Roads Ad- 
ministration in 1946. His official assign- 
ments were widely distributed throughout 
the South and West in 22 of the 48 states. 
Much of his work in the last 30 years was 
devoted to tests o° soil sulfate action on 
concrete drain tile, sulfate resistance of 
various cements, and concrete resistance 
to other destructive agents, particularly 
soil acids and silage juices. 

Mr. Miller has been active in A.S.T.M. 
A.S.A.E. 
member of the Minnesota Academy of 
Sciences. He is a member of ACI Com- 
714-Recommended Practice for 
the Construction of Concrete Silos, and 


and committee work and is a 


mittee 


will be remembered by Institute members 
as author of ‘Factors which Influence the 
Durability of Concrete Stave Silos’ 
(V. 34) and “Effect of Weight of Tampers 
and Number of Tamps on the Flexural 
Strength of Concrete Silo Staves” (V. 35 
with Hughes and Manson). 


’ 
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New Members 


The Board of Direction approved 99 
applications (62 Individual, 5 Corporation, 
12 Junior, 20 Student) received in April. 

The Membership total on May 1, 1948, 
after adjustment for a few losses by 
death, resignation and for non-payment 
of dues, was 4099. 


Individual 

Blessey, Walter E., Civil Engineering 
Dept., Tulane University, New Orleans, 
La. 

Buchanan, Glenn E., P. O. 
Salt Lake City, Utah 

Cummins, Frank J., 1004 
Drive, Charleston 2, W. Va. 

Dejongh, P., Geo. A. Fuller Co., 597 
Madison Ave., New York, N. Y. 

Demarest, W. G., Littlefield Bldg., P. O. 
Box 4, Austin, Texas 

Di Rienzo, Emilio John, 57 Gramaton 
Ave., Mount Vernon, N. Y. 

Dolsen, J. B., 6804 Rockhill Rd., Kansas 
City 5, Mo. 

Drummond, C. E. 
Atlanta 1, Ga. 


Box 1775, 


Edgewood 


Jr., P.O. Box 1878, 


Eckert, C. R., c/o The Ruberoid Co., 
S. Bound Brook, N. J. 
Edwards, Ted L., 2904 Bridle Path, 


Austin 21, Texas 

Ellington, Harold 8., Harley, Ellington & 
Day Inc., 153 E. Elizabeth St., Detroit 
1, Mich. 

Estey, Leonard G., 
Seattle 3, Wash. 
Fago, Victor 8., 106 Robinson Ave., San 

Diego 3, Calif. 

Fairbrother, F. A. Jr., Truseon 
tories, Inec., Caniff at Grand 
Railroad, Detroit, Mich. 

Fornerod, Marcel F., 3 
White Plains, N. Y. 

Fowler, Frederick E. W., 
Narver, APO No. 331, ¢ 
Francisco, Calif. 


1516 N. 80th St., 


Lal 0Ta- 
Trunk 
Chelsea 


Rd., 


Holmes & 
o P. M., San 


Frankignoul, | Edgard, 196 Rue Gretry, 
Liege, Belgium 
Funk, William J., 406 Dome Bldg., 


Chattanooga 2, Tenn. 

Gallego, Jose Ramon del, Ave. Bellini 80, 
Col. Guadalupe Inn, D. F., Mexico 
Goldstein, Samuel, 3426 Dekalb Ave., 

New York 67, N. Y. 
Goral, Myron L., 3897 Franklin Ave., 
Los Angeles 27, Calif. 


Grady, Chas. J., 
Louis 1, Mo. 
Griggs, Edward F., 10 N. Main St., West 
Hartford, Conn. 

Gruenig, Ernest, 3161 Joseph St., Verdun, 
Que., Canada 

Haines, Samuel A., 3144 Maury Ave., 
St. Louis 16, Mo. 

Howe, Franklin D., 1118 Francis Ave., 
Cuyahoga Falls, Ohio 

Hugie, Ray C., 648 EF. 4th, North Box 
242, Logan, Utah 

Jacobs, Lawrence W., 1177 Wheeling Ave., 
Zanesville, Ohio 

Kaiser, Benedict J., Kaiser, Neal & Reid, 
324 Fourth Ave., Pittsburg, Pa. 

Kellert, Milton, 9625 Flower Ave., Silver 
Spring, Md. 

Kuhns, John D., 254 W. 
Springfield, Ohio 

Lamb, Wm. B., c/o General Delivery, 
Jacksonville Beach, Fla. 

Ligertwood, H. C. G., Seven Sisters Falls, 
Manitoba, Canada 

Lozano B., Alberto Garcia, Bolivar 23 
despacho 309, Mexico D. F., Mexico 


817 Chestnut St., St. 


Third St., 


Luchsinger, F. W., 1776 N. El Molino 
Ave., Pasadena, Calif. 
Lutes, Harold C., 1225 E. Trent Ave., 


Spokane 15, Wash. 
MeckKesson, Claude L., 811 
Los Angeles 14, Calif. 
Meek, Robert Lee, 1456 N. 


St., Indianapolis 2, Ind. 


W. 7th St., 
Delaware 


Montes Angulo, Rafael Garcia, Sociedad 
Cubana de Ingenieros, Ave. Belgica 
No. 258, Havana, Cuba 

Muller, Horace H., North Dakota State 
Highway Dept., Bismarck, N. D. 


Muney, Victor E., 1541 Howard Ave., 
Pottsville, Pa. 
Murray, Earl O., 706 Jackson Bldg., 


Birmingham, Ala. 

Needles, Enoch R., 55 Liberty St., New 
York 5, N. Y. 

Nichols, Marvin C., 
Fort Worth, Texas 

Nitterhouse, Theodore K., t/a Nitter- 
house Concrete Products, Cleveland & 
Lortz Ave., Chambersburg, Pa. 

Nolan, Ray, 724 N. Pacifie St., Oceanside, 
Calif. 

Pang, Chang Y., 
Guam, Guam 
Parsons, R. Lloyd, Apt. 109, 410 Memorial 

Dr., Cambridge 39, Mass. 
Perrilliat, Howard, 1530 8. 
New Orleans 15, La. 


107 Dancigar Bldg. 


Box 16, Station 10, 


Rendon St., 


gt Dg Ren Qrenutests eget y tgs 
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Ryan, Charles W., 341 E. 
New York 21, N. Y. 

Sayette, Emmanuel R. de la, 5 Rue Laval, 
Saint-Cloud (S & O) France 

Schipke, J. Henry, General Mills Inc., 
400 2nd Ave. S8., Minneapolis, Minn. 

Shaeffer, Fred A., Santa Maria Building 
Materials Co., P. O. Box 150, Santa 
Maria, Calif. 

Shector, Lindey, 2241 Maplewood Ave., 
Montreal, Que., Canada 

Simonsen, Willy Rusing, Sundbyvestervej 
18, Copenhagen 8., Denmark 

Stoll, Herbert M., 227 S. Oak Park Ave., 
Oak Park, II. 

Tabb, Dan D., 405 Gramlin St., P. O. 
Box 51, Marietta, Ga. 

Tsine, Shou-I, 290 Massachusetts Ave., 
Cambridge 39, Mass. 

Vamosi, John, 2558 Wilson Ave., Chicago 
25, Ill. 

Wages, C. J., P. O. Box 90, Weeks, La. 

Walker, William Thomas, 5525 W. Colfax 
Ave., Denver 14, Colo. 

Young, Martin Ray Jr., 50 S. Udall St., 
Mesa, Ariz. 


79th St., 


Corporation 

Aanneming-Maatschappiji ‘““De Kondor’’ 
N. V., Duivendrechtsekade 95, Amster- 
dam-O, Holland (J. H. F. Sollewijn 
Gelpke) 

Bechtel Corporation, 3780 Wilshire Blvd., 
Los Angeles 5, Calif. (Leslie A. Irvin) 
Illinois Brick Co., Franklin Park, IIL. 

(H. E. Buckholz) 
F. T. Jeffery, Master Builder, 761 Station 
Street, Box Hill, Melbourne, Australia 
Baejarverkfraeoingurinn i Reykjavik, 
(The City Engineer of Reykjavik) 
Austurstraeti 16, Reykjavik, Iceland 
(Bolli Thoroddsen) 


Junior 


Arguelles, Luis Roberto Camacho, 8. J. 
Letran 84, Mexico D. F., Mexico 

Brennan, Paul Joseph, Dept. of Civil 
Engineering, Yale University, 15 Pros- 
pect St., New Haven, Conn. 

Clark, Ray Lowe, 608 Greenwood Ave., 
Clearwater, Fla. 

Harkauli, Anand Narain, c/o Inter- 
national Engineering Co. Inc., 319 
Chamber of Commerce Bldg., Denver, 
Colo. 


Hogan, Frank Earl, Tech Station, Ruston, 
La. 


June 1948 


Houghton, Donald Laurie, 4405 Magnolia 
Ave., Chicago 40, IIl. 

Pons, Luis E., Box 2774, San Juan 12, 
Puerto Rico 

Ray, L. W., 273 Danforth Ave., Toronto, 
Ont., Canada 


Rein, Victor, Santa Fe 1229, Buenos 
Aires, Argentina 
Slacum, Richard S., 33 Park Ave., 


Westmont, N. J. 
Turbiak, Walter M., 
Brooklyn 17, N. Y. 
Waning, Robert J., 141 Bruen St., P. O. 
Box 51, Dayton 1, Ohio 


235 Dean St. 


, 


Student 


Abramson, Harold B., M. I. T. 
tories, Cambridge, Mass. 

Algatt, Raymond A., 27 Westgate, Cam- 
bridge 39, Mass. 

Cohlmeyer, Robert Carl, Freeman Trailer 
Park, R. R. No. 3, Urbana, Ill. 

Davis, Leonard Noel, 9068S. Vine, Urbana, 


Dormi- 


Davis, William E., 802 Elm St., Clinton, 
Ind. 


Dreher, Kinsely, c/o Carl Freeman, 
Route 3, Urbana, III. 
Jelliffe, Jack H., 1103 W. Main St., 


Urbana, IIl. 

Layer, Robert W. Jr., 
St., Chicago 2, IIL. 
Ma, Hsien-Ne, 504 W. Oregon St., Urbana, 

Il. 


189 W. Madison 


McCoy, William J., 1109 W. Springfield, 
Urbana, III. 

Mendez, Ricardo Elias, Via Espana No. 
13, Panama City, Panama 

Nickell, Eugene Howard, Preston, Kans. 

Osborne, James Robert Jr., 302 W. 
Columbia, Champaign, IIl. 

Read, Herbert Philo, 7335 Kingston Ave., 
Chicago 49, IIL. 

Rashid, Abdur, Dept. of Grad. Studies 
in Civil Engr., Carnegie Institute of 
Technology, Pittsburg 13, Pa. 

Sivers, Wendell .C., Quonset 344 
ville, Boulder, Colo. 


Vets- 


Swanson, James R., 1105 8S. 4th St., 


Champaign, II. 
Thelander, Jerome A., 808 W. Green, 
Urbana, III. 
Tillitt, James Cooper, 17 13th 
St. Cloud, Minn. 


Wiersema, Jean, 706 8. Mathews, Urbana, 


Ill. 


Ave. S., 
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Honor Roll 


February 1 to April 30, 1948 





Professor Newlin D. Morgan of the 
University of Illinois enters the new 
Honor Roll this month in the top spot 
with credit for 15 new Members for the 
month of April. T. E. Stanton of the 
California Highway Department is a 
close second with 12 credits. 

Newlin D. Morgan..... sig nhs 
T. @. Stamtem......... 6 :d'spe ee ee 
Raymond E. Davis............... 10 
Newlin D. Morgan, Jr... eee. 
Howard Simpson..... 
Raphael Callejas H...............4 
Lewis H. Tuthill..... 
Elmo C. Higginson...... 
Bailey Tremper....... aa ehe 
James A. McCarthy. . a caternclae 
Richard A. Roberts... | 
J. Antonio Thomen...... eee 
H. F. Gonnerman.... ‘eis 
F. N. Menefee..... : a 
John C. Sprague a See 
John K. Class. 

Jacob J. Creskoff. . 

John C. King.... 
Robert Morris.......... 
Walter H. Price..... tds 
E. Copeland Snelgrove...... 
es We UN hick co nleds One 
Stanton Walker.... 
Milton Fromer........ 
Alberto Dovali Jaime... 
Jerome M. Raphael. . 
Clarence Rawhouser. . 
John W. Robison. . 
William H. Thoman 
Calvin T. Watts.... 
Ray A. Young..... ; 
Jerome O. Ackerman . . 

J. B. Alexander. 

A. Amirikian . . 

Boyd G. Anderson. . 
Edwin C,. Anderson. . 

Jd. A, Bokber: .......: 

Hugh Barnes. . 

S. B. Barnes...... 


tw ton 


to tw te tw te tS 





Ne ee ee en 1 
mopmeet F. Bie. «oo 5c kc csc cas cae 1 
ee Se roe 1 
es Res MONOID gos ass ares ow alee cn a} 
SD oc ah cack Neds Peete 1 
i | ae ate ae 22 1 
Ns ona g 4g ee 1 
Jose Luis Capacete............. a 
i Os RIE wok ke 3 oo elnle Sm a 
Re Ns os Ks: een 1 
ee ae OS rere 1 
WT IN ys as 5 55s casa bra mrcle les 1 
2 ae ea l 
I a Ged s Se le ane a 
pee ee eee ee J 
ere re eer 1 
Carmelo Galindez. . . 1 
Anthony J. Giardina................ 1 
Pe A, RES ss 6, 0:4 0 3.92852 08 a 
Ernst Gruenwald................... 1 
Samuel Hobbs....... a 
Edward L. Howard, Jr.............. 1 
Wen OL nO, Cs ov vas walcaeeeas 1 
ee EOP EE 1 
Edward F. Keniston 5 | 
ee Ne | See ey ee 1 
Orla A. Larsen... .. 1 
a eee 7 
W. G. Limbach. 1 
PS eee » ig Seeks gence wee 1 
John V. Maescher... . on 
Clyde P. Mason...... a 
Se SOOO ass sc i 
Douglas McHenry.... 7 
F. R. MeMillan...... a, 
Oliver H. Millikan....... oe 
Leonard J. Mitchell. .... : ae 
Rene 8. Pulido y Morales. . 1 
William T. Neelands... a 
Hugh E. Odor...... ia 
R. A. Plumb.... _ a 
James M, Polatty.. .......00. 0.0000. 1 
ee eee ree 1 
F. E. Richart... . eS 
Manuel Ray Rivero.......... Al 
Je Ee edict cho hcekwetee 1 
gr ee ar 1 
i. Glomenies Baie... .. os 6.ucseaass 1 
John A. Ruhling..... l 
Cr, Se i & b sta bed ne wea eas 1 
Edward W. Scripture, Jr...... 1 
Edgar A. Sealey.. | 
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Joseph Sill......... 
H. D. Sullivan...... 
T. Thorvaldson... . 

Walter C. Voss..... 
Jukka E. Vuroinen. . . 
Joseph J. Waddell... 
Wes OR. ees. 
Paul Weidlinger.... . 
oa a 
Merle D. Wilson... 


PR te er eat” 1 


The following credits are, in each in- 
stance “50-50” with another member. 


Robert W. Abbett 
Oscar ‘Vega Arguelles 
A. Allan Bates 

C. T. Bishop 

A. J. Boase 

A. R. Brickler 

Boyd 8. Brooks 

I.. Rees Brooks 
Jose Luis Casas 
Richard de Charms 
J. E. Christiansen 
James H. H. Chun 
H. W. Chutter 

R. Torres Colondres 
Rolland Cravens 

J. M. Crom 

R. A. Crysler 
Charles W. De Groff 
John G. Dempsey 
John N. Eckle 
Harlan H. Edwards 
A. C. Eichenlaub 
Arthur D. Engle 
Phil M. Ferguson 
Rudolf Fischl 

H. J. Gilkey 

J. R. G. Hanlon 
Frank W. Haws 

H. L. Henson 

W. C. Hodgkins 
Myle J. Holley, Jr. 
H. N. Howe 

Walter L. Huber 
Manuel Castro Huerta 
M. E. James 

Bruce Jameyson 
Harry D. Jumper 
Thomas M. Kelly 


John J. Kennedy Jr. 
K. J. Krawezyk 

H. M. Larmour 
John F. Long 

Carl A. Menzel 

L. J. Meszaros 
Hugh Montgomery 
Ray M. Moorhead 
C. H. Neill 

Elmer H. Oechsle 
Francisco Santos Oliva 
Chester B. Palmer 
W. FE. Parker 

Dean Peabody Jr. 
Donald O. Peck 
Ben Poisner 
Chesley J. Posey 
Warren Raeder 
Thomas J. Reading 
Dwight F. Roberts 
H. C. Ross 

Fred H. Ryan 
Herman Schorer 
Roy T. Sessums 

R. H. Sherlock 
Charles A. Shirk 
Gustave Spirz 
Charles M. Spofford 
A. R. Stuckey 

M, O. Sylliassen 

J. Neils Thompson 
Harry F. Thomson 
John Tucker, Jr 
Donald R. Warren 
J.C. Watt 

J. D. Whittaker 
Harry C. Witter 





E. K. Brown 


Institute member and general manager 
of Whitney’s, Duluth, Minn., supplier of 
fuel and concrete materials, has announced 


that N. T. Rykken will be associated 
with him in the management of Whitney 
operations. Mr. Rykken assumes the 
new duties at the termination of a period 
of consulting practice in St. Paul, where 
he was principally interested in design 
and construction of concrete structures. 


June 1948 


South African concrete 

Dr. 8. Macerata a new Institute mem- 
ber in Johannesburg, Transvaal, South 
Africa sends the following information 


with his photographs of local uses of 
concrete. 





Fig. 1—Reinforced concrete towers for elec- 
tric power line 


“Fig. 1 shows reinforced concrete angle 
tower and strain towers constructed for 
an 88 kv power line on behalf of the 
Electricity Supply Commission. The 
power line in question is nearly 60 miles 
long, and has been erected all on rein- 
forced concrete supports. It will be 
noted that part of the tower was pre- 
fabricated (crossarms and square collars), 
whereas the legs were situ cast in order 
to achieve a monolithic structure. These 
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Fig 2 (right)—Prestressed hollow U-section under the testing machine. Fig. 3 (left)}—Pre- 
stressed traction mast 


ordinary reinforced concrete towers, al- 
though complying perfectly to all struc- 
tural requirements, show occasionally 
in very cold weather, some tiny hair 
cracks in the tensile zones of the con- 
crete; and in spite of the tensile stress 
in the steel being kept as low as 13,000 
to 14,000 psi. 


“Keeping these facts in mind, it has 
been suggested that we should experiment 
with a completely new material which 
would guarantee a perfect homogeneity 
in structure behaviour, similar to steel 
and wood, and would ensure as well an 
extremely long life with low cost main- 
tenance, 


“Several prestressed reinforced con- 
crete beams and sections were tested at 
the Civil Engineering Laboratories of the 
University of Witwatersrand. Fig. 2 
shows a prestressed hollow U-section 
under the testing machine. The results 
of these tests were so satisfactory that it 
was found possible to submit to the 
administration (Electricity Supply Com- 
mission and South African Railways) 
new designs for prestressed reinforced 
concrete transmission towers as well as 
traction masts for railway electrification 
purposes. Official tests will shortly be 
carried out on several structures. Fig. 3 


shows a prestressed traction mast for a 
designed ultimate transverse breaking 
load of 7500 lb (horizontal pull: leverage 
26 ft 6 in.).” 





American Concrete Pipe Association 

Nearly 200 manufacturers of concrete 
pipe met in New Orleans in March for 
the annual convention of the American 
Concrete Pipe Association. Howard F. 
Peckworth, managing director, told the 
group that concrete pipe production 
topped five million tons in 1947, still 
slightly below the near six-million-ton 
peak in 1942. 


ACI member J. A. Dunn of Swamp- 
scott, Mass., was elected president of the 
association for 1948. Retiring president, 
Elmer Johnson, Colton, Calif., who was 
elected to the board of directors, is also 
an ACI member. Institute members 
H. W. Heath of East Orange, N. J., and 
Clair Bullen, Chicago, were chosen vice 


president and treasurer, respectively. 
The new officers and directors selected 
Richmond, Va. for their 1949 meeting 
place. 
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Re 
A. E. Bampfield 


Word has been received from Geelong, 
Victoria (Australia) of the death of A. E. 
Bampfield on March 18, 1947 while on a 
visit in Brisbane. Mr. Bampfield had 
spent his entire career in the employ of 
Australian Cement Ltd. He was awarded 
the first scholarship endowed by that 
company at Gordon Institute of Tech- 
nology, Geelong, and on completion of 
his course entered the laboratory as a 
junior chemist. At the time of his death 
he occupied the position of chief chemist 
of Australian Cement Ltd. and was also 
coordinating officer for the technical 
committee of the Cement and Concrete 
Association of Australia. His untimely 
death will be a loss to the Australian 
cement industry, since he had an active 
interest not only in cement manufacture, 
but also in research. 

Mr. Bampfield had been a Member of 
the American Concrete Institute since 
1944. 


Albert Smith 

An Institute member since 1927, Albert 
Smith of Winnetka, Ill. died March 18, 
1948. Mr. Smith attended Granville 
Academy and graduated from Dartmouth 
College in 1898. He was employed as 
draftsman and designer in the early years 
of his career; during World War I he 
served as lieutenant colonel in the corps 
of engineers of the army. Following his 
army experience he was professor of 
structural engineering at Purdue Uni- 
versity until 1922, when he joined Smith 
and Brown of Chicago. He had since 
then engaged in professional practice in 
structural design with that firm. 

As a member of the Institute, Mr. 
Smith wrote “Design of Concrete Build- 
ings for Wind Stresses” (V. 23) and 
“Reinforced Concrete Design Practice” 
(V. 34) for Journat publication, and 
was formerly chairman of Committees 306 
and 308. He also wrote papers for 
publication by the Western Society of 


Engineers. In addition to his ACI 
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and Western Society of Engineers affilia- 
tions he was a member of A.S.C.E. and 
Sigma Xi. 


J. B. Macphail 


J. B. Macphail of the Shawinigan Engi- 
neering Co., Montreal, Quebec, died at 
his home December 22, 1947. Born in 
Montreal in 1894, he attended Ashbury 
College in Ottawa and McGill University, 
Montreal, where he received his B.A. 
degree in 1914. 
dian 


He enlisted in the Cana- 


Engineers and went overseas in 
September 1914. Upon his return to 
Canada in 1919, he McGill 
University and qualified for a B.S. degree 
in 1921. After graduation he worked for 
a time with Moran, Maurice and Proctor 


in New York, and then joined the Shaw- 


re-entered 


inigan Company. He was known through- 
out the dominion as an investigator and 
designer of hydroelectric plants. 

Mr. Maephail had been an ACI Mem- 
ber since 1939; he was also a member of 
the A.S.C.E., the Corporation of Pro- 
fessional Engineers of Quebec and the 
Engineering Institute of Canada. 





The Literature of Concrete 


“It comes as a surprise to see’, says 
Concrete and Constructional Engineering 
(London), 1948, “in a list 


compiled by the Cement and Concrete 


February 


Association, that there are more than a 
thousand books 
publications 


and other separate 


dealing specifically with 
cement and concrete, apart from papers 
read before societies, available for refer- 
The 
list starts with Loriot’s ‘Essay on Cement 
and Artificial Stone’ published in 1774, 
concludes 


ence in nine London libraries alone. 


with some of the books 


1947. 


course, many books containing chapters 


and 
published in There are also, of 
or sections on concrete; had these been 
included the list would have started with 
Vitruvius or a still 
have been many times as long. More than 
half the books listed have been issued in 


earlier writer and 
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HOT WEATHER CONCRETE 


Loss in workability—higher water requirements—stiffen- 
ing before proper compaction—checking and cracking 
through rapid hydration—cold joints—low strength— 
~ 00 don’t put up with hazards of hot weather 
concrete ! 

PLASTIMENT eliminates these hazards—maintains con- 
struction progress and concrete quality. 


Write for our new Hot Weather Concrete bulletin. 


SIKA CHEMICAL CORPORATION 


37 Gregory Avenue 


Passaic, N. J. 





the past twenty years, which has been 
a period of great activity in the publi- 
cation of books of all kinds. The older 
books should not, however, be ignored, 
nor should it be assumed that they are 
of historical interest only. Many of 
them contain information which is as 
useful today as it was when it was written, 
and which is occasionally rediscovered 
nowadays. Most of the technical books 
issued in the past century were written 
by men whose only desire was to pass on 
to others the results of their own investi- 
gations or experience 


“There is a quality in the style of the 
old books which might well be studied 
by writers of today,” the editorial con- 
tinues. “The old writers had not learnt 
to write ‘of the order of’ or ‘approxi- 
mately’ when they meant about, ‘in- 
creased by 100 percent’ for doubled, ‘in 
the vicinity of’ or ‘in close proximity to’ 
for near, ‘in short supply’ for searce, or 
the ‘non-availability’ of a material when 
none is to be had. The jargon of today 
is absent from the old books. In the 
past century they did not write ‘tonnage’ 
for weight, ‘yardage’ for volume, or 
‘wallage’ for walls, or even ‘housing’ for 
houses. The use of such words is an 
unwelcome innovation, and yet perhaps 
there may be an excuse for using them, 
or even for thinking that they ought be to 
used, when one so often sees them in print 
and in public notices. For example, 
the London Passenger Transport Board 


exhibits a notice ‘No parking in the 
vicinity of this station’—a notice which 
does not even say what is intended—and 
recently the Prime Minister was reported 
as saying that ‘the percentage was more 
than 50 percent higher’, 

“There is nowadays also a tendency 
towards verboseness of which our fore- 
fathers were seldom guilty, although it 
is said that their times were more leisurely. 
An example from a recent Government 
publication bears repeating: ‘The stand- 
ard of protection called for will remain 
much the same for all localities and must 
in fact be such that there is no chance of 
water penetration’—how much simpler 
to say that roofs must be watertight. 
There is no merit in using many words 
where a few will do, to hide a simple 
statement in a cloud of words, to use 
or worse still to invent—a longer word 
when a short and well-understood word is 
available, or to use jargon or foreign 
words instead of good plain English words. 

“Care should be taken in choosing 
words to describe a new process, for 
words sometimes come into common use 
in & haphazard manner and without any 
real justification. An example is ‘pre- 
stressed reinforced concrete’, a term used 
to describe concrete that has been put 
into a state of compression before it is 
called upon to fulfil its purpose of carrying 
load. Such concrete can only properly 
be called reinforced concrete if the 
stretched steel bars or wires are bonded 
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to the concrete in accordance with the 
accepted theory of reinforced concrete. 
If the compression is imposed by stretched 
wires, passing through but not bonded to 
the concrete, which exert thrusts on the 
ends of the piece of concrete, the concrete 
is not reinforced concrete unless it also 
contains bonded bars. Indeed, the 
desired compressive stress in the con- 
crete could be obtained by other means 
than by wires passing through the con- 
crete. The term ‘prestressed’ is also 
of questionable accuracy since the prefix 
is not intended to denote a state or 
process that occurs before stressing; what 
is called prestressing is in fact the actual 
stressing. The word is, however, now so 
firmly established that a more accurate 
term is not likely to displace it. An 
engineer should, in his reports and pub- 
lished works, make quite certain that the 
true meaning of the words he uses is 
the same as the meaning he attributes to 
them. The contrary is often the case 
because of the too hasty invention of 
terms to describe a new process, or of 
faulty translation of foreign terms, or of 
technical English being written by engi- 
neers of other nationalities ..... 

“Tt might be useful if all proposed new 
words in this country had to be sub- 
mitted to a committee of etymologists 
before trey came into general use.”’ 





Code for prestressed reinforced 
concrete 

A copy of “A Proposal for a Draft Code 
of Practice for Prestressed Reinforced 
Concrete (P.R.C.)” has been received 
by the Institute with the compliments of 
its author, Kurt Billig of London. The 
32-page code defines prestressing and the 
specially applicable terms, gives minimum 
requirements for steel and concrete, and 
describes in some detail the prestressing 
plant and process. Shrinkage, creep and 
bond are covered in their relation to pre- 
stressing; combined structures (P.R.C. 
with plain concrete) are discussed. Part 
II-—Design covers such topics as design 
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assumptions, strength requirements and 
permissible stresses, loading stages and 
limiting stresses, initial steel stress and 
losses in pre-tension, and preliminary con- 
crete stresses and losses in pre-com- 
pression. Also included in Part II are 
shear stresses, torsion, bond and anchor- 
age, principal tensile stresses, buckling, 
cracking resistance and factors of safety. 
Mr. Billig, an ACI Member and asso- 
ciate member of the Institution of Civil 
Engineers, became conscious of the need 
for a code of practice for prestressed 
reinforced concrete construction while 
acting as a consultant for the Ministry 
of Works and as lecturer at Victoria 
University, Manchester. In his preface 
to the code proposal Mr. Billig says that, 
“researches in both these capacities have 
led him to attempt the preparation of a 
draft code to cover all the work of this 
character. He fully realizes that the 
drafting of such a code is not a task which 
can be undertaken by one man, and these 
suggestions are presented merely as a 
basis for discussion and amendment.” 





ACI Membership Center 


Within the red circles on the News 
Letter cover this month lies the center 
of United States membership in the 
American Concrete Institute. This semi- 
graphical determination, made using a 
small-scale map of the United States, 
was based on January 1 totals for the 
48 states and District of Columbia. Thus 
only 2922 members (in continental U. S.) 
of the Institute’s total 3799 of that date 
figured in the calculation. 

Checking the Iowa-IIlinois border in a 
regulation atlas, one finds the member- 
ship center between Muscatine and 
Burlington, Iowa, not far from Monmouth, 
Illinois. 





Technical committee changes 

Recent changes in the personnel of 
Institute technical committees are in- 
corporated in the 1948 ACI Directory now 
on the presses. At the recommendation 
of the Technical Activities Committee, 
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the 1948 Directory will indicate the 
professional or business identifications of 
all committee members; non-member 
names and corporation members will be 
specially identified. 


Standards Committee 
Harmon S. Meissner succeeds J. C. 


Committee 210 

Committee 210 has been reorganized 
and renamed ‘Resistance to Erosion in 
Hydraulic Structures’? under the chair- 
manship of Walter H. Price. Members 
of the committee are Jacob J. Creskoff, 
W. T. McClenahan, Bailey Tremper, 
Georg Wastlund, Roderick B. Young and 


Pearson, who died March 16, 1948. 


Committee 115 


Members recently appointed to Com- 
mittee 115 are Harmon 8S. Meissner and 


E. F. Kelley. 


Committee 207 
New member is Roderick B. Young. 


D. 8S. Walter. 
Committee 612 

New member is A. G. Timms. 
Committee 613 

Committee member W. A. 


the committee was Clayton L. Davis. 


Continued on p. 16 


Cordon 
has been named secretary. Appointed to 
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A. S. T. M. DESIGNATION C77 


The A. S. T. M. Standard Methods of Sampling 
and Testing Portland Cement specifies the Gill- 
more Method as an alternative to the Vicat Method 


for dete rmining the setting time of cement. 


Both the size and weight of the Gillmore Needles 
are held precisely to A. S. T. M. tolerances. 
Although A. S. T. M. specifications permit the 
needles to be made of drill rod or tempered wire, 
Precision” Gillmore Needles are made of 18-8 
stainless steel, which will not rust, and resists 
corrosion. Needle support is built of brass with 
column and base top highly polished. Write for 
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Committee changes continued 


Committee 621 

Committee 621 has been recently re- 
organized under the chairmanship of 
I. L. Tyler. Members of the committee 
are: A. T. Goldbeck, W. R. Johnson, 
Nathan C. Rockwood, R. W. Spencer, 
Byram W. Steele, A. G. Timms, Lewis H. 
Tuthill and Stanton Walker. 


Committee 714 
William G. Kaiser succeeds chairman 
William W. Gurney, resigned. 





Improved construction methods 


Having obtained most of my experience 
with concrete on construction projects, 
I am of the opinion that the ACI should 
exert more effort toward perfecting con- 
struction methods which would more 
nearly accomplish design requirements, or 
in other words perfect practical methods 
which would more nearly accomplish 
approved results determined by the 
laboratory or other technical methods. 
I will not say that I think there is too 
much emphasis on theoretical improve- 
ment in concrete, but I will say that I 
do think there is not enough emphasis 
on the practical improvement. Of course 
when you start practical improvements, 
you have the matter of additional cost to 
contend with and any practical improve- 
ment must therefore be done at as little 
additional cost as possible. ‘ However I 
do think that some kind of program 
should be inaugurated to begin eliminating 
the common faults in handling concrete 
construction. 

There is no logic in doing a lot of 
laboratory work in connection with con- 
crete and then being lax in not seeing that 
the results are obtained in the field or in 
the finished product. 

Paut A. JONES 
1272 Penn. Street, 
Denver 3, Colo. 


june 1948 


New jaw crusher 

Development of a new overhead ec- 
centric jaw crusher has been announced 
by the Lippmann Engineering Works of 
Milwaukee, Wis. The product, to be 
marketed under the trade name Grizzly 
King, is said to have longer, non-choking 
jaws and 25 percent more crushing area 
than other similar machines. The cor- 
rugated crusher jaws, frame, bearing 
caps and shaft are made of special alloy 
steel with a reported tensile strength of 
110,000 psi. 
the new 


Complete information on 
crusher is available from the 
Lippmann company in illustrated booklet 
form. 





John C. King 


The Prepakt Concrete Co. announced 
the appointment of John C. King as 
chief engineer, effective April 15, 1948. 
Mr. King most recently was with the 
International Engineering Company, Inc., 
of Denver, Colorado, where, as senior engi- 
neer, he has been engaged in the design 
of dams and irrigation works. Mr. King 
is an associate member of the American 
Society of Civil Engineers, and a member 
of the American Concrete Institute and 
the Colorado Society of Engineers. 





PROFESSIONAL CARDS 





L. COFF, Consulting Engineer 


198 Broadway, New York 7, N. Y. 


PRESTRESSED 
CONCRETE STRUCTURES 


Design, Estimates, 
Construction Methods, Supervision 





KNAPPEN TIPPETTS ABBETT Engineering Co. 


(Knappen Engineering Co.) 


Ports, Harbors, Flood Control, Power, Dams, 


Bridges, Tunnels, Highways, Airports, Traffic, 
Foundations, Water Supply, Sewerage 
Reports Design Supervision 


Consultation 


280 Madison Avenue New York, N. Y. 
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A. S. T. M. Committee C-1 reports 

The spring meeting of Committee C-1 
on Cement, of the American Society for 
Testing Materials was held in Denver fol- 
lowing the annual meeting of the Ameri- 
can Concrete Institute. A revision of the 
Specification for Portland Cement (C 150) 
was approved which will equalize the 
strength requirements at 7 and 28 days 
for both Type II and Type V cements. 
Also approved was the recommendation 
that a third type be added to the Speci- 
fication for Air-Entraining Cement (C 175) 
which will apply to high early strength 
cement. A study leading to the revision 
of the Specification for Natural Cement 
(C 10) is being made in which chemical 
requirements are being considered as a 
control for the degree of burning. 





Visitors from Sweden 

Viggo Terling and A. G. Lindblad of 
Sweden were visitcrs at ACI  head- 
quarters on May 19, 1948. Mr. Terling 
is managing director of AB Héganiisar- 
beten, Stockholm contractors for acid 
proof and refractory brickwork, and Mr. 
Lindblad is director of the control labo- 
ratory of Hoganas-Billesholms AB of 
Hoganas, Sweden. 

The purpose of their visit to the United 
States was to study methods of designing 
and constructing acid-proof towers which 
would withstand the extreme weathering 
and temperature differential condition of 
northern Sweden. 





Bituminous admixture for concrete 
Moisture difficulties in concrete may 
be resolved by an aqueous suspension of 
colloidal asphalt to be added during 
mixing at ‘the rate of 114 gal per sack of 
cement, according to disclosures in a new 
booklet, “Hydropel’’, published by the 
American Bitumuls Co., San Francisco. 
Hydropel (also the name of the product) 
is said to reduce capillary absorption, de- 
lay absorption under hydrostatic head, in- 
crease chemical resistance and make con- 


crete more resilient. The 16-page booklet 
outlines the effect of this admixture on the 
basic characteristics of concrete, and sug- 
gests possible uses and procedure for 
mixing, curing and testing. 





R. A. Rawson 


an ACI Member since 1935, is now execu- 
tive vice president of Cyclic Chemical 
Co., Permolite Division, Hamilton, Ohio. 
Headquarters and plant operations will 
be at Hamilton, where a new plant has 
recently been equipped to make pro- 
tective coatings to be applied to equip- 
ment which must resist chemical corrosion. 
Permolite coatings are of two types 
baked and air dried. According to Mr. 
Rawson, the air-dried coatings may be 
applied to all forms of masonry con- 
struction, e.g., in sewage disposal plants, 
creameries, dairies, laundries, etc. 





Nathan Grout 
structural engineer, announces the opening 
of his office at 709 Wallace 8. Building, 


Tampa, Fla. Mr. Grout is a member of 


the Institute and an associate member, 


A.S.C.E. 
N. B. 


This issue is the last 
number of Journal 


V. 19. 





There will be no is- 
sue in July or August. 


Volume 20 will begin with 
the September issue. 
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Special ACI Publications and Compilations 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315-Detailing Reinforced Concrete Structures, A. J. Boase 
Chairman. The book is a large format, bound to lie flat, and presents typical engineering and 
placing drawings with discussion calling attention to important considerations in designing 
practice. It was prepared to simplify, speed and effect standardization in detailing. Price $3.00, 
to ACI Members $1.75. 


ACI Standards (1946) 


180 pages, 6 x 9, reprinting in one book, all 8 ACI current standards but including the 1941 
“Code”. Price $2.00; to ACI Members $1.25. (Pending release of a new book of standards, 
this book plus the revised “Code” (ACI 318-47) in a separate cover are available at the price 
of the book alone) 


Air Entrainment in Concrete (1944) 


92 pages of — of laboratory data and field experience including a 31-page paper by H. 
F. Gonnerman, “Tests of Concretes Containing Air-Entraining Portland Cements or Air-Entraining 
Materials Added to Batch at Mixer"; and 61 pages of the contributions of 15 participants in a 
1944 ACI convention symposium “Conepabes Containing Air-Entraining Agents", reprinted (in 
special covers) from the ACI JOURNAL for June 1944. Price $1.25; to Ad Members 75 cents. 


Air Entrainment in Concrete—Book 2 (1947) 


A 204-page compilation of information on air entrainment published after Book 1 (1944), 
including ‘Field Use of Cement Containing Vinsol Resin”, and “Laboratory Studies of Concrete 
Containing Air-Entraining Admixtures” by C. E. Wuerpel; “Entrained Air in Concrete", a fore- 
word and 14 short papers presented at the 1946 convention; and discussion of the symposium, 
reprinted from ACI JOURNALS for Sept. 1945, Feb., June and Dec. Part 2, 1946. Price $2.25; 
to ACI Members $1.50. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611—Inspection of Concrete. 
It sets up what good practice requires of concrete inspectors and a background of information on 
the “why” of such good practice. Price $1.00; to ACI Members 75 cents. 


The Joint Committee Report (June 1940) 


The Report of Joint Committee on Standard Specifications for Concrete and Reinforced Con- 
crete, submitting ‘Recommended Practice and Standard Specifications for Concrete and Reinforced 
Concrete", represents the ten-year work of the third Joint Committee, consisting of affiliated 
committees of the American Concrete Institute, American Institute of Architects, American Rail- 
way Engineering Association, American Society of Civil Engineers, American Society for Testing 
Materials, and Portland Cement Ass'n. Published June 15, 1940; 140 pages. Price $1.50; to 
ACI Members $1.00. 


Reinforced Concrete Design Handbook (December 1939) 


Report of ACI Committee 317. From the committee's foreword: “One of the important ob- 
jectives of the committee has been to prepare tables covering as large a range of unit stresses as 
may be met in general practice. A second and equally important aim has been to reduce the 
design of members under combined bending and axial load to the same — form as is used in 
the solution of common flexural problems."’ 132 pages. Price $2.00; to ACI Members $1.00. 


Concrete Primer (February 1928) 


Prepared for ACI by F.R. McMillan, it has had five separate printings by the Institute alone 
(totalling nearly 70,000 copies). By special arrangement it has been translated and published 
abroad in many different languages. It is still going strong. In the foreword the author said: 
“This primer is an attempt to develop in simple terms the principles governing concrete mixtures and 
to show how a knowledge of these principles and of the properties of cement can be applied to 
the production of permanent structures in concrete." 46 pages; 25 cents (cheaper in quantity). 


For further information about ACI Membership and Publications address: 
AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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SYNOPSES of recent ACI Papers and Reports 





Institute pa of this JOURNAL 

Vol. 19 which are currently avail- 

able. Unless otherwise noted sepa- 

rate prints are 35 cents each. 

Starred %& items are 50 cents, or more 

as indicated. Please order by title 
|___ and title number. 


% BUILDING CODE REQUIREMENTS 
FOR REINFORCED CONCRETE (ACI 
DUET es ccceccccdccscoesccocccccvcs SMe 
Price 50 cents. 


REPORTED BY ACI COMMITTEE 318—Sept. 1947, pp. 1- 
64 (V. 44) in special covers 


Supersedes 43-15 


This code covers the proper design and construction of 
buildings of reinforced concrete. It is written in such a 
form that it may be incorporated verbatim or adopted by 
reference in a general building code, and earlier editions 
of it have been widely used in this manner. 

Among the subjects covered are: quality of concrete 
allowable stresses; mixing, placing, curing and ould 
weather protection of concrete, forms, cleaning, bending, 
placing, splicing and protection of reinforcement, con- 
struction joints; general design considerations, flexural 
computations; shear and diagonal tension, bond and 
anchorage, flat slabs, columns and walls, and footings. 
The quality and testing of materials used in the construc- 
tion are covered by references to the appropriate ASTM 
standard specifications. 


THE FIVE-YEAR TEMPERATURE 
rr peg OF A THIN CONCRETE 


44-2 
S. D. BURKS—Sept. 1947, pp. 65-76 (V. 44) 


Temperature in concrete structures is of interest mainly be- 
cause it is often a cause of cracking. When joints are pro- 
vided in a structure, their behavior and the need for grout- 
ing are largely a question of temperature. Present 
herein is the temperature history of a thin concrete dam, 

sed on results of more than five years of observation 
The temperature rise of concrete is given, as well as the 
effect of thickness of section on temperature behavior. 
Also shown are graphical trends of cooling, time lag of 
concrete temperature behind air temperature, typical 
surface and near-surface temperatures, annual concrete 
temperature variations are given, along with a discussion 
of orientation of structure and the consistent form of final 
temperature fluctuations. 


%CEMENT-AGGREGATE REAC.- 
TRG TPO COPPIRINEE ccccccccccescee 463 
Price 60 cents. 


DUNCAN McCONNELL, RICHARD C. MIELENZ, 
WILLIAM Y. HOLLAND and KENNETH T. GREENE— 
Oct. 1947, pp. 93-128 (V. 44) 


The chemical interaction of certain rocks and minerals of 
aggregate with high-alkali portland cements is known to 
have caused serious distress of concrete structures in Cali- 
fornia, Oregon, Idaho, rizona, Nebraska, Kansas, 
Washington, Wyoming, Virginia and New York. Similar 
distress will undoubtedly be discovered in other states. 
Microscopic, microchemical and physical-chemical studies 
of concrete have revealed the detailed characteristics of 
the deterioration, and make possible the distinction of this 
type of deterioration from others. Petrographic and 
physical-chemical investigations have identified the rocks 
and minerals which are susceptible to attack by cement 
alkalies. 

The expansion and cracking of the concrete result from 
osmotic pressures developed in alkalic silica gels that are 
produced by partial dissolution of siliceous rock and 


mineral substances. Laboratory experiments and calcu- 
lations indicate that these osmotic pressures exceed 550 
psi. 


CRACK CONTROL IN PORTLAND 
CEMENT PLASTER PANELS........ 44-4 
BERT A. HALL—Oct. 1947, pp 129-140(V. 44) 


Desirability of using portland cement plaster for surfaces 
exposed to water spray and condensation impelled 
Bureau of Reclamation studies of cause and conteal af its 
cracking. Tests indicated shrinkage to be the chief factor 
in cracking of portland cement plaster. Method of appli- 
cation described eliminates restraint at all edges of the 
plaster slab, allowing shrinkage to take place without 
stress development and the attendant cracking. Savings 
are effected by application of successive plaster coats at 
24-hour intervals, damp-curing of individual coats is elimi- 
ante, Ge the final curing period is shortened by careful 
control. 


DETERIORATION OF CONCRETE 
IN BRINE STORAGE TANKS........ 44-5 
INGE LYSE—Oct. 1947, pp. 141-148 (V. 44) 


A survey in Norway revealed serious deterioration of 
concrete storage tanks for low-temperature NaCl and 
CaCls brine. Laboratory tests indicated deterioration 
was caused by low temperature rather than brine action 
alone. It is believed that the brine penetrates the con- 
crete, producing a salt solution which varies from relatively 
high concentration at the surtace to very low concentration 
some distance within. Low brine temperature will pro- 
duce freezing of the water of the concrete except where 
salt concentration is sufficient to prevent it. Ata certain 
depth from the surface, salt concentration will be just 
sufficient to give an equilibrium between freezing and no 
freezing of the water. Here there will be a continual 
freezing and thawing action as the brine temperature 
changes a few degrees. Such action causes rapid disin- 
tegration. Suggested remedies are thorough drying to 
remove water near surface of concrete, and a seal coat to 
prevent brine penetration. 


EFFECT OF GYPSUM CONTENT 

AND OTHER FACTORS ON 

SHRINKAGE OF CONCRETE PRISMS 44-6 
GERALD PICKETT—Oct. 1947, pp. 149-176 (V. 44) 


The effects of gypsum content of cement and other factors 
on shrinkage and cracking tendency of concretes are in- 
vestigated by methods described in a previous paper. An 
essential feature of the method js that prisms of the con- 
cretes are permitted to dry from only one side. It is found 
thatthere is in general an optimum gypsum content for each 
cement for minimum loss in weight, a different optimum for 
minimum ertesiae any and still a different optimum for mini- 
mum Faget er e data were too limited to indicate 
clearly whether or not there was also an optimum gypsum 
content for each cement for a maximum factor of safety 
against cracking. For the two cements of Type | used in 
this study the highest factors of safety were obtained with 
the highest gypsum contents used, indicating that the op- 
timum was stillhigher. Forthe other cementsthere was no 
consistent indication that gypsum content had any effect 
on factor of safety. Specimens wet-cured 28 days short- 
ened and warped less but developed higher shrinkage 
stresses than specimens wet-cured 7 days. There are in- 
dications that the rate of hydration during the first few 


hours has an effect on shrinkage during subsequent drying. 


PROTECTION OF ELECTRIC STRAIN 
GAGES IN CONCRETE...........+. 44-7 
R. H. SHERLOCK and ADIL BELGIN—Nov. 1947, pp. 
189.192 (V. 44) 

Writers describe a device for protecting an SR-4 electric 
strain gage from moisture and pressure while attached to a 
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Current ACI Standards 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 
64 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 





Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Specifications for Cast Stone (ACI 704-44) 
4 pages: 35 cents per copy 
Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents 70 ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages tn covers: 50 cents per copy (40 cents to AC] Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 35 cents per copy 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
ctures 


Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages; $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 
Reported by Committee 616 as information and for discussion only. 20 pages, 
35 cents per copy (Reprint from ACI JOURNAL, June 1942) 
Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
35 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 


Proposed Recommended Practice for Winter Concreting Methods 


Reported by Committee 604 for information and discussion only. 20 pages, 
35 cents per copy. (Reprint from ACI JOURNAL, Dec. 1947) 




















ACI NEWS LETTER 21 


reinforcing bar embedded in concrete. The procedure and 
precautions to be observed in installing the gage and 
shield are outlined. 


% CHEMICAL TEST FOR REACTIVITY 

OF CONCRETE AGGREGATES 

WITH CEMENT ALKALIES, CHEMI- 

CAL PROCESSES IN CEMENT- 
AGGREGATE REACTION.......... 44-8 
Price 60 cents. 


RICHARD C, MIELENZ, KENNETH T. GREENE and 
ELTON J. BENTON Nov. 1947 pp. 193-224 (V. 44) 


Potential deieterious reactivity of aggregates with high- 
alkali cements can be predicted from results of a newly 
developed chemical test. Determination of deleteriousness 
is based upon the amount of silica dissolved by a 1N sodium 
hydroxide solution from a representative sample of the 
aggregate crushed to the No. 50 to No. 100 size, and the 
concomitant reduction effected in the alkalinity (potency) 
of the solution. The samples can be prepared, the test run 
and the necessary chemical analysis completed in 3 work 


days. 

The test has indicated correctly the deleterious or 
innocuous character of approximately 70 sands, gravels, 
rocks and minerals for which mortar bar data and many 
service histories are available. The results of the test 
substantiate hypotheses developed to explain the phe- 
nomenon of the pessimum proportion and the rates of 
mortar expansion characteristically caused by deleterious 
aggregates ot different types. 

A specific test procedure is described and is recom- 
mended for inclusion in the program of tests ordinarily 
applied to determine quality of concrete aggregates. 


ANALYSIS OF TWO-COLUMN 
SYMMETRICAL BENTS AND VIER- 
ENDEEL TRUSSES HAVING PAR- 
ALLEL AND EQUAL CHORDS.... 44-9 
JOHN E. GOLDBERG—Nov. 1947, pp. 225-236 (V. 44) 


An analysis suitable for quick application to two-column 
symmetrical bents with vertical columns and Vierendeel 
trusses having parallel and similar chords is presented. 
Method is based on an equation expressing joint rotation 
in a given story as a function of shear in adjoining columns 
and of joint rotation in the two adjacent stories. After 
joint rotations are determined, moments are calculated by 
simple, specialized slope deflection equations. Method 
may be directly applied for panei point loads; other load- 
ings are resolved to equivalent panel point loads. _ Illus- 
trated solutions are develo for a six-story bent and an 
unsymmetrically loaded Vierendeel truss. 


PLASTIC FLOW OF THIN 
REINFORCED CONCRETE SLABS....44-10 
GEORGE W. WASHA—Nov. 1947, pp. 237-260 (V. 44) 


This paper presents the results of tests on end-supported, 
reinforced concrete slabs, 3 in. 12, in cross-section, 
which were subjected to sustained loads for 5 years. The 
variables included three concrete slumps, two water- 
cement ratios, three span lengths, and two curing methods. 
Total and plastic low deflections, changes in the concrete 
compressive strains, and changes in the steel tensile strains 
were obtained. The importance of the plastic flow prob- 
lem in thin reinforced concrete slabs is forcibly emphasized 

the large increases in deflections and strains that were 
obtained over a five-year period. 


%*PRECASTING CONCRETE PIPE FOR 

THE SAN DIEGO AQUEDUCT.....44-11 
Price 60 cents. 

D. K. WOODIN—Dec. 1947, pp. 261-288 (Vol. 44) 


Method of precasting high and low head concrete pipe, 
48 to 96 in. in diameter, for the San Diego aqueduct is 
described in detail, profusely illustrated. Steel cylinder 
and cage type of reinforcement and a combination of the 
two are descri Cement composition and properties 
and mix proportions are tabulated, vibration methods 
handling and storage difficulties, preparation of forms and 
reinforcement, placing of concrete and curing conditions 


are discussed. Emphasis is on the economy of correct 
vibration processes, and problems encountered in estab- 
lishing them. 


STRENGTH AND SLIP UNDER 

LOAD OF BENT-BAR ANCHOR- 

AGES AND STRAIGHT EMBED- 

MENTS IN HAYDITE CONCRETE ...44-12 
C. C. FISHBURN—Dec. 1947, pp. 289-308 (V. 44) 


Steel bars, 4 in. in diameter, of three kinds, one*plain 
and two deformed, were embedded in ydite aggre- 
gate concrete. The and slip at the pull-out ends 
were observed for bent and straight anchorages of each 
kind of bar. For like slips and equal embedded lengths, 
the ome embedments of the deformed bars were 
stronger than the plain bent-bar encheonpes. Differences 
in the lug height and lug-bearing area of the two deformed 
—_ —— the relative strength of anchorages containing 
these bars. 


PROPOSED RECOMMENDED 

PRACTICE FOR WINTER CON- 

CRETING METHODGS..............--44-13 
REPORT of COMMITTEE 604—Dec. 1947, pp. 309-328 


This report of Committee 604 proposes standard methods 
of cold-weather concreting for thin sections and mass 
concrete. Heating of materials, accelerators and anti- 
freezes, curing and temperature records during curing, 
subgrade (or base) preparation, protective coverings 
during curing, and form removal are discussed for both 
types of job, and preferred methods are indicated. An 
appendix entry outlines objectives of the special winter 
methods with background material which indicates the 
“why” of some of the recommended practices. Charts 
in the appendix indicate effect of curing temperature on 
concrete strength, and a list of 135 selected references 
to periodical Genes on winter concreting methods is 
included. 


SOME DOUBTS ABOUT CONCRETE44-14 
Jan. 1948, pp. 345-348 (V. 44) 


A searchingly critical appraisal of progress in knowledge 
of concrete and of its application to practice appear 
as an editorial in Engineering-News Record, February 1, 
1923, a few days after the Institute's 19th annual con- 
vention in Cincinnati that year. Coming to light recent- 
ly in an ACI office scrapbook, it inspired a re-appraisal of 
progress for ACI's 44th annual convention February 23-26, 
1948. Through the courtesy of Engineering-News Record 
it is republished as the point of departure forga full 
session at the 1948 convention in Denver. 


ECONOMY IN STRUCTURAL 
DESIG 


0000 44-15 
1. E. MORRIS—Jan. 1948, pp. 349-360 (V. 44) 

High construction costs today challenge the engineer to 
produce sound money-saving designs without too rigid 
an adherence to conventional patterns. The value of 
good engineering judgment is emphasized. Slab band 
construction is suggested for cutting cost, since expensive 
beam forms may be eliminated, story heights are decreas 
and pipe and conduit installations are simplifi Ideal 
layouts and dimensions for slab band construction are 
noted, and design for shear resistance is considered. The 
author cites personal experience in the design of floor 
framing for a 12-story 500-bed hospital. Five different 
designs {all illustrated) were prepared and cost com- 
parisons made. Of the five (slab band, dropped beam, 
conventional concrete beam and slab and two types of 
encased structural steel) the slab band sytem proved 
least expensive, with dropped beam construction a close 
second. 


STUDY OF CAUSES AND PRE- 
VENTION OF STAINING AND 
POP-OUTS IN CINDER CONCRETE. .44-16 
S. G. SEATON—Jan. 1948, pp. 361-380 (V. 44) 


This paper reports a study of cinder aggregates designed 
to determine the cause of stains and pop-outs in cinder 
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concrete and to develop methods of cinder treatment to 
eliminate trouble from these sources. The causes are 
identified, a simple method is described for detecting the 
presence in cinders of the impurities causing stains and 
some classes of pop-outs, and at least two practicable 
methods are presented for cinder treatment. Correlation 
between laboratory tests and field performance of concrete 
masonry units is shown and a specification is suggested 
to minimize the occurrence of stains and pop-outs. 


CONCRETE MAKING IN CHINA. ..44-17 
JOHN S. COTTON—Jan. 1948 pp. 381-400 (V. 44) 


Mr. Cotton outlines the supply situation and production 
methods for scemtie materials in China. ta are pre- 
sented on type, quality and pram ceaenngs of cement, rein- 
forcing steel rad forms. Aggregate sources, handI ing 
methods and gradation are discussed. Data on concrete 
strengths, mixing and placing, labor problems and costs 
are given. Concreting, mortar, masonry work and design 
of the Lung Chi Ho y oe 2 development are describ 
Design and history of the Sungari River hydro project are 
developed with attention to Japanese concreting methods. 
Hazardous condition of the dam is ascribed to faulty con- 
struction practices occasioned by pressure of the war. 
The emergency repair program of the National Hydro- 
electric Engineering Bureau of China is outlined, and 
current concreting practices of the bureau are discussed. 
Illustrations depict many of the almost primitive methods 
which must be employed. 


DESIGN OF RECTANGULAR TIED 
net aoe SUBJECT TO BENDING 

WITH STEEL IN ALL FACES.......44-18 
D. R. CERVIN—Jan. 1948, pp. 401-412 (V. 44) 
One of the fastest accurate methods of designing rec- 
tangular tied columns, subject to compression and bending, 
is the procedure of converting the effect of bending to an 
equivalent axial load and proportioning the column to 
the requirements of the increased axial load. Present 
tabular data confine this procedure to steel in the end 
faces only. A method is proposed in this paper which 
permits a rapid dusign for steel in all faces for any rec- 
tangular section. 


PREVENTION OF DAMPNESS IN 
BASEMENTS. ........-0+20eeeeee 0+ 244-19 
CYRUS C. FISHBURN—Feb. 1948, pp. 421-436 (V. 44) 


The selection of appropriate measures for a dry basement 
depends upon a consideration of the external conditions 
at the site. Basements may be located in well-drained 
or in saturated soil and meteorological conditions may be 
conducive to condensation within them. 

The drainage of surface and sub-surface water away from 
a basement is important where this is possible. Methods 
of constructing the walls and floors of new basements to 
prevent seepage and condensation are described. 
Simple tests for determining the causes of dampness in 
ts are given and remedial treatments 
against ve in them are outlined. 


HIGHLIGHTS OF THE DEVELOP- 

MENT OF REINFORCED CONCRETE 
AND THE STUDY OF BOND.......44-20 
ARTHUR P. CLARK—Feb. 1948, pp. 437-440 (V. 44) 


This paper is introduced by a brief history of the develop- 
ment of concrete and reinforced concrete since portland 
cement was first made about 125 years ago. The French 
are credited with the first use of reinforcement a little 
atter the middle of the 19th century. Widespread use of 
reinforced concrete began in the United States about 
1900. It was first designed by a few specialists, especially 
in Europe, in accordance with special reinforcement 
“systems *. 

As the art of using reinforced concrete developed, the 
sufficiency of the resistance of the plain bar to slippage 
was questioned and attempts were made to deform bars. 
Laboratory tests of bond were made as early as 1894 but 
were never extensive. Starting about 1943 the A. 1. 5S. |. 
organized a committee of reinforced concrete research 
with the. object of increasing our knowledge on the 
effective and economical use of reinforcement. 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


June 1948 


LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE 
CHAPTER 1—HISTORY AND SCOPE 44-21 


F.R. McMILLAN and |. L. TYLER—Feb. 1948, pp. 441- 
456 (V. 44) 


A comprehensive investigation of portland cement in 
concrete is introduced by this brief paper outlining: (1) 
history of the study—advisory committee membership, 
development of the program, financing and scope of the 
investigation; (2) selection of cements; (3) tests of cements, 
(4) construction projects—test roads, exposure to sea 
water and sulfate soils, concrete in thin sections, ex- 
perimental farms and inspection of field projects, in 
which the behavior of cements will be studied over a 
geries of years. 

he paper is the first of a series of as yet an undertermined 
number reporting the results of the long time study. 


* ANALYSIS OF NORMAL STRESSES 

IN REINFORCED CONCRETE 

SECTIONS UNDER SYMMETRICAL 
CE 
MICHEL BAKHOUM—feb. 1948, pp. 457-484 (V.44) 
Price 60 cents. 


This paper gives an analytical method for checking normal 
stresses in reinforced concrete sections under eccentric 
forces, without the usual procedure of dividing the section 
into small strips. A simple solution is also given for the 
case of simple bending. Both solutions are further simpli- 
fied by the use of curves and tables, which apply to all 
arrangements of reinforcement and can be used for almost 
all practical cases. 

A procedure has been devised to apply the same methods 
to the case in which concrete in tensi.n is taken into 
consideration even though the modulus of elasticity in 
tension differs trom that in compression. Some examples 
are given for both cases. 


CREEP OF STEEL AND CONCRETE 

IN RELATION TO PRESTRESSED 

<6 1 errr ot 
GUSTAVE MAGNEL—Feb, 1948, pp. 485-500 (V..44) 


The author outlines methods and results of creep tests 
performed on three different samples of steel wire under 
constant load and constant length conditions. Preparation 
of concrete specimens prestressed by use of these same 
wires is described. Load tests on these specimens and 
non-prestressed concrete are compared and the differences 
in deformation are attributed to the combined creep of 
steel and concrete. Results of creep tests on steel alone 
are applied in order to ascertain creep of concrete alone. 
Concrete shrinkage, steel strains and steel and concrete 
creep are considered in recommending an anticipated 
percentage loss of prestress for design purposes. 


REPAIRING CONCRETE 
HYDRAULIC STRUCTURES..........44-24 
CLAUDE GLIDDON—Mar. 1948, pp. 513-520 (V. 44) 


Seventeen years experience of the Gatineau Power Co. 
indicate that ordinary concrete, reinforced and unrein- 
forced, can be successfully used to repair hydraulic struc- 
tures. Elimination of leakage prior to surface repair, 
good bond between new and old concrete, and shrinkage 
of new concrete during setting to prevent cracking are 
important. A procedure for repair is outlined stressing 
the importance of experienced labor and supervision and 
briefly describing grouting, selection of materials, design 
strengths of concrete, preparation of surface, vibration 
forms, curing and joints. 


*BOND AND ANCHORAGE......44-25 


T. D. MYLREA—Mar. 1948, pp. 521-552 (V. 44) 
Price 60 cents. 


Pull-out resistance of embedded bars and bond strength 
in simple beams are compared. A study of distribution of 
bond unit stress, and of safety against bond failure in 
beams of uniform depth indicates the bond formula is 
safe in most such beams with bars extending full length. 




















— 300,000 Ib. 
CAPACITY 


—NEW DESIGN 
—NEW FEATURES 


Meets all A.S.T.M. requirements, 
provides for testing concrete cylin- 
ders up to 8” x 16”, and also is 
equipped for testing concrete build- 
ing blocks up to 12’ wide x 18” long. 


Single ram construction, increased 
ram stroke, and fast operation 
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facilitate alternate testing of 
cylinders and blocks. 


Write to us for further details. 


BALDWIN 


TESTING HEADQUARTERS 


The Baldwin Locomotive Works, Philadelphia 42, Pa., U. S. A. Offices: Birmingham, 
Boston, Chicago, Cleveland, Houston, New York, Philadelphia, Pittsburgh, 
San Francisco, Seattle, St. Louis, Washington. In Canada: Peacock Bros., Ltd., 
Montreal, Quebec. 
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Mr. Micawber was only half-right ! 


R. MICAWBER’S financial advice to 
young David Copperfield is justly 
famous. 


Translated into United States cur- 
rency, it runs something like this: 


** Annual income, two thousand dol- 
lars; annual expenditure, nineteen 
hundred and ninety-nine dollars; 
result, happiness. Annual income, 
two thousand dollars; annual ex- 
penditure, two thousand and one 
dollars; result, misery.” 


But Mr. Micawber was only half- 


right! 

Simply not spending more than you 
make isn’t enough. Every family must 
have savings to provide for their future 
security. 


100% Government-backed U. S. 
Savings Bonds offer one of the best 
ways imaginable to build savings, 
through two automatic plans: (1) Pay- 
roll Savings; (2) Bond-A-Month. 


Join the Plan you're eligible for 
today! As Mr. Micawber would say: 
“Result, security!” 
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When all bars are full length, there is a definite relation 
between bar length and diameter, beyond whic 

unit stress need not be computed. hen steel tension 
is high, permissible bond unit stress is low. 

Bar extension and hooks are evaluated opeien to 
efficiency as anchors under high bond stress. poe 
are made as to length of bearing on supports rm cut-off 
points. It is shown that in wedge-shaped beams, brackets, 
tapered footings and the like, bond formulas now in use 
may give deceptively low stresses. 


%LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 

CHAPTER 2—MANUFACTURE OF 

THE TEST CEMENTS..............++-44-26 


F. R. McMILLAN and W. C. HANSEN—Mar. 1948, 
pp. 553-604 (V. 44) 

Price 60 cents. 

This paper is the second chapter of a series of reports. 
lt contains a brief description of the manufacturing process 
of the 27 cements selected for this study of concrete 
durability. The cements are listed by type and geo- 
graphical location of the plants; chemical analyses of the 
raw materials are given and tabulations eranestee showin 
the following operations: preparation of the kiln leod, 
burning, cooling and storing of clinker; grinding and 
storing of the cements 

Data are given on kiln temperatures, uniformity of the 
clinker weights and cement temperatures. 


PRESIDENT'’S ADDRESS.............44-27 
STANTON WALKER—Apr. 1948, pp. 605-612 (V. 44) 
Mr. Walker discusses the unique position of the Institute 
as a professional organization—its administrative set-up, 
its publication policies and achievements, its committee 
undertakings—presenting a qualitative evaluation of its 
accomplishments. 


EFFECT OF CARBON BLACK AND 
BLACK IRON OXIDE ON AIR 
CONTENT AND DURABILITY OF 
RINT 5 00'S i54,5-5 000 44s oka 4's sae 
THOMAS G. TAYLOR—Apr. 1948, pp. 613-624 (V. 44) 
The practice of using air-entraining cement and air- 
entraining admixtures has made it necessary to re-examine 
many of the materials added to concrete to determine 
their effect on these types of concrete. This paper reports 
tests made to determine the effect of certain coloring 
agents on the air content and durability of concrete. 

The tests indicate that some materials when added to 
concrete reduce the capacity of the cement to entrain air 
and thereby reduce the resistance of the concrete to 
freezing and thawing. A recommended procedure for 
evaluating coloring agents for use in air-entraining 
concrete is given. 


AGGREGATE REACTION WITH 
CEMENT ALKALIES...........22++ 44-29 
WILLARD H. PARSONS and HERBERT INSLEY—Apr. 
1948, pp. 625-632 (V. 44) 

Experiments reported tend to support and amplify Hansen's 
hypothesis on alkali-aggregate reaction. lest specimens 
composed of high-alkali cement and reactive aggregate 
(opal) were exposed to conditions promoting the reaction 
resulting in cracking and expansion. Petrographic 
examination at frequent intervals during the course of 
exposure indicated that the chemical reaction results in 
liquefaction, swelling and migration of the reaction 
products. The liqu hed ge! produced by the reaction 
fills res existing in the specimen. After the pore is 
filled, a reaction at the pore wall occurs to form a dense, 
semi-permeable membrane through which osmosis takes 
place, resulting in expansion and cracking. 


%* RESTORATION OF BARKER DAM 44-30 
RAYMOND E. DAVIS, E. CLINTON JANSEN and W. 
T. NEELANDS—April 1948, pp. 633-668 (V. 44) 

Price 60 cents. 

There is described a unique method of stabilizing and 
restoring a 37-year old dam. A 192,500 cu yd blanket 


of concrete made by the Prepakt method was bonded to 
the upstream face and was contained behind a perma- 
nent form made of precast concrete slabs. The work of 
erecting the slabs and placing the coarse aggregate 

ind them was done in the dry during the cold winter 
months when severe weather conditions would have 
made impracticable the placement of conventional con- 
crete. When the reservoir was nearly filled with cold 
water from melting snow in the mountains, and the dam 
was in the position of nearly maximum downstream de- 
flection, the aggregate mass was grouted under water 
as a continuous operation without cold joints over the 
full length and height of the dam. The average maximum 
temperature of the Prepakt concrete mass during the 
hardening period, which usually occurred about four 
days after grouting, was only 63 F 


NORMAL STRESSES IN REIN- 

FORCED CONCRETE SECTIONS 

UNDER UNSYMMETRICAL 
GRIGG. he cc ccccccccccsccccccce sent 
MICHEL BAKHOUM—Apr. 1948, pp. 669-692 (V. 44) 


In this paper is treated the problem of unsymmetrical 
bending, whether pure or compound, in reinforced con- 
crete sections of any shape. Three general solutions 
(method of centers of action of steel and concrete, pro- 
duct of inertia method and method of successive trial) 
have been developed. Each can be used separately 
for finding the exact position of the neutral axis and con- 
sequently the distribution of stresses. The three solutions 
are based on the assumptions of the standard theory and, 
of course, lead to the same results. However, onaer 
certain circumstances the use of one solution ma 

simpler than the other two. From the results o pn 
numerous examples that have been solved recommendations 
are given for making the first assumption of the direction 
of the neutral axis in such a way that the number of trials 


is considerably reduced. 
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*% PROGRESS WITH CONCRETE— 

pagent Py ina ee 
poem, with * contributions by WALDO G 

BOWNARL P. H. BATES, J. C. PEARSON, ROY W. 

CRUM, FRANK E. RICHART and RODERICK B. YOUNG 

—Apr. 1948, pp. 693-744 (V. 44) 

Price 60 cents. \*4 


Five past presidents of the American Concrete Institute 
and an itor of engineering periodicals review and 
evaluate a quarter-century of progress in concrete theory, 
design and practice. Problems of 25 years ago are re- 
called, and the extent to which they have been solved 
discussed. Landmarks of progress are enumerated; today’s 
problems (both new and old) are acknowledged. Difi- 
culties encountered in formulating standards and speci 
fications are reviewed, progressive changes in cement 
specifications are listed. "enone are made for 
continuing research programs and improved research 
techniques. Inspection practices are criticized and 
corrections suggested, the importance of consistency 
control and air entrainment effect are stressed. The 
history of alkali reaction studies is outlined. Important 
steps in structural design and theory are pointed out in 
some detail, there is a similar emphasis on progress of 
durability studies, and special mention is made of develop- 
ments in highway construction. 


% LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 3—CHEMICAL AND 
PHYSICAL TESTS OF THE CEMENTS 44-33 
WILLIAM LERCH and C. L. FORD—Apr. 1948, pp. 
745-796 (V. 44) 

Price 60 cents. 


The results of extensive physical and chemical tests of the 
27 cements used in the long-time study are reported in 
this chapter. ASTM methods of test were followed when 
available. Other test methods used are described or 
reference given to published description. 
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CONCRETE BY PIPE LINE 


The Low-Cost Method 
of Placing Quality Concrete! 


Rex Pumpcrete offers the lowest cost method 
of placing concrete of improved quality. 
The ‘“‘concrete by pipe line method,” 
properly employed, will assure the best job 
structurally at far lower cost as compared 
to other placement methods. 


Segregation of the mix is completely elimi- 
nated by the conditioning hopper and direct 
pumping into the forms. Discharge into 
the forms is more readily controlled. Proof 
of Pumpcrete’s quality placement is evi- 
denced by the fact that, where quality is 
paramount, leading engineering organi- 
zations specify Pumpcrete. 


In addition to its quality placement, Rex 
Pumpcrete permits greater flexibility and 


convenience in job set-ups. Concrete is 
moved *‘from here to there’’ in one operation, 
thus eliminating much of the preparatory 
work, many units of normal high cost 
equipment and confusion of ordinary 


placement methods. 


It may be that your next job should be a 
Pumpcrete job. Why not consult your Rex 
Distributor and get the full story of what 
Pumpcrete . . . the pump that pumps concrete 
through a pipe line... can do for you. Or 
if you prefer, write directly to Chain Belt 
Company, 1713 West Bruce Street, 


Milwaukee 4, Wisconsin. 


CONSTRUCTION MACHINERY 
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PREFABRICATED PUMICE 
CONCRETE HOUSES...............-44-34 


H. L. MATHEWS—May 1948, pp. 797-812 (V. 44) 


Lightweight precast slab construction was chosen for a 380- 
dwelling navy housing project in the Mojave Desert. Fin- 
ished cost of these two-bedroom, single-family, single-story 
houses was $7,240, including air conditioning, gas heater, 
gas kitchen range, electric refrigerator, plumbing and 
electrical equipment. Pumice aggregate concrete weigh- 
ing not more than 75 |b per cu ft, with 1500 psi 28-day 
strength, was specified. 

This paper gives sieve analysis of pumice aggregate, mix 
proportions and design, and thermal properties of pumice 
concrete, assembly line production of the precast slabs is 
described, with details of handling, finishing and steam 
curing included. Time of each operation in the process 
is given. Assembling of the houses—setting, aligning and 
anchoring wall slabs, placing and joining roof slabs, in- 
stalling utilities conduits and placing the concrete floor 

is described. Experiences with surface treatment for 
floors, roofs and both interior and exterior walls are re- 
counted. Future of prefabricated concrete houses, pumice 
concrete in particular, is discussed. 


DEVELOPMENT OF TILT-UP 
CONSTRUCTION. ........-6202026++44-35 


C. A. CLARK—May 1948, pp. 813-820 (V. 44) 


The idea of casting large wall sections horizontally on the 
floor and tilting them to a vertical position has been used 
for many years but only in the last several years has it re 
ceived wide recognition. The method offers architectural 
flexibility and variations in exterior surface treatment. 
Panel lengths and heights and window and door openings 
can be easily adapted to meet requirements of standard- 
ized or individually designed buildings. Insulation and 
vapor seals can be attached to the inside of the wall 
(under side) before placing the concrete. Electrical and 
other conduits and outlet boxes are installed before con- 
crete is placed. 


The tilt-up method makes extensive use of power equip- 
ment and lends itself to many economies of assembly-iine 
techniques. 


*% DURABILITY OF CONCRETE 

EXPOSED TO SEA WATER AND 

ALKALI SOILS—CALIFORNIA 
Pree 


THOMAS E. STANTON—May 1948, pp. 821-848 (V. 
44) 


Price 60 cents. 


This article is a continuation of a discussion on the same 
subject published in the ACI Journal for March-April, 
1938. Data not available at that time which have since 
come to light contribute materially to our understanding of 
the causes of concrete deterioration when exposed to sea 
water and alkali soils and appropriate corrective or pro 
tective measures 


The principal new developments are: 


1. The discovery that one cause of excessive expansion 
and cracking of concrete is an adverse reaction be- 
tween certain minerals in the aggregate and the alkali 
constituents of portland cement, thereby providing an 
avenue for the ingress and deposit of aggressive salts 
in excessive amounts. The cure in this case is to use 
either a non-reactive aggregate or a low alkali or 
suitable portland-pozzolan cement. 


2. Positive evidence that the resistance of concrete to 
sulfate attack is materially improved through the use of a 
suitable air entraining agent. Accelerated tests in- 
dicate the A.S.T.M. approved air-entraining agents 
Vinsol resin and Darex are suitable and effective 


*% THERMAL INSULATION OF 
CONCRETE HOMES..........+0++++44-37 
ARTHUR STONE—May 1948, pp. 849-876 (V. 44) 
Price 60 cents. 


This paper describes the value of adequate thermal in- 
sulation for concrete homes. With the wide range in types 
of insulating materials now available, concrete homes can 
be just as comfortable winter or summer as the best type of 
wood frame construction, with the added advantage of fire 
resistance and low annual cost of the concrete construc- 
tion. 

When effective vapor barriers are provided along with the 
insulating material, condensation and dampness within the 
wall, floor or ceiling is avoided. The use of a vapor 
barrier wil! also help to conserve moisture within the home 
resulting in a somewhat higher relative humidity which will 
contribute materially to the physical comfort and health of 
the occupants in cold weather. 

Adequate insulation of the walls, floors, ceilings or roofs 
should be accompani by corresponding attention to 
reduction of heat loss through use of storm windows and 
doors and by weatherstripping and calking. 


*% LONG-TIME STUDY OF CEMENT 
PERFORMANCE IN CONCRETE, 
CHAPTER 4—MICROSCOPICAL 

STUDY OF CLINKERS ..............44-38 
L.S. BROWN—May 1948, pp. 877-924 (V. 44) 

Price 60 cents. 


This paper records the petrographic studies made on the 21 
lots of clinker manufactured for the 27 long-time study 
cements. These studies showed that nine entities were 
regularly determinable, these being C3S. CoS, C3A, CsAF, 
free MgO, a dark prismatic mineral, glass, and a micro 
scopically undifferentiated complex. Percentages of these 
mineral phases were measured on polished sections, by 
means of a Wentworth integrating stage, for each lot of 
of clinker. The measurements, representing essentially 
the mineral composition of the cements, are presented in 
tabular form. The paper also is concerned, on the one 
hand, with the history and techniques of clinker mineral 
identification and, on the other hand, with correlations be- 
tween the mineral compositions and various other features 
or properties of the clinkers and the cements. 


*%& CONCRETE PAVEMENTS ON 
THE GERMAN AUTOBAHNEN....44-39 


F. H. JACKSON and HAROLD ALLEN;—June 1948. 
pp. 933-976 (V. 44) 


Price 60 cents. 


The inspection upon which this paper is based was 
prompted by a desire to reconcile conflicting reports 
which have come out of Germany during the last 3 years 
regarding the performance of concrete pavements on the 
autobahnen as compared to the performance of simiiar 
pavements in this country. The survey was made during 
the summer of 1947 and covered approximately 1,000 
miles of four-lane dual pavement in the British and Ameri- 
can zones of occupation. 

The present condition of the German pavements is dis- 
cussed from the standpoint of both structural pertormance 
and quality of concrete per se. All of the structural defects 
which usually develop in concrete pavements in the 
United States were found. However, aside from trans- 
verse cracking, which was quite common, defects such as 
joint spalling, joint faulting, settlement, etc., were not 
serious except in the area immediately north and south of 
Frankfurt. It is believed that the comparative freedom of 
the German motor roads from structural defects is due pri 
marily to two factors: the comparatively small amount of 
heavy truck traffic using these roads, now and in the past 
and the comparatively mild climate. 

The soils of Germany vary from cohensionless sands #o 
plastic, silty clays and clays. Most of the silty clays ex 
amined on the system were of such a nature as to require 
careful moisture control for adequate compaction. Such 
soils would be subject to frost heave under adverse 
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BLAW-KNOX HAS THE ANSWERS 
TO FASTER CONSTRUCTION 
AND BETTER QUALITY 











AND AIRPORTS 


The unbeatable combination of correct de- 
sign, rugged construction and assured per- 
formance has made Blaw-Knox equipment 
first choice of construction men who have a 
reputation for getting things done in a hurry. 
. . . You'll find this trouble-free equipment 
hard at work building roads, airports and 
general concrete construction all over the 
world. 





BLAW-KNOX DIVISION 
OF BLAW-KNOX CoO. 
Farmers Bank Bldg., Pittsburgh 22, Pa. 


Representatives in principal cities 


BLEW oIRINOX 


CONSTRUCTION EQUIPMENT 


TRUCK MIXER 
LOADING PLANTS 








BULK CEMENT PLANTS 
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drainage conditions. Pumping at joints would occur on 
these soils if free water entered expansion joints or cracks 
and if a sufficient number of heavy loads passed over the 
pavement. The practice of placing a layer of granular 
material under the pavement was, no doubt, a contributing 
factor in the prevention of mud pumping in such cases. 
The concrete was, almost without exception, of excellent 
quality. Scaling was confin almost entirely to the 
sections between Munich and Salzburg. Disintegration 
was practically non-existent. An outstanding surface 
characteristic was the absence of the heavy layer of 
surface mortar which is frequently found on pavements 
in the United States. It is believed that the excellent 
quality of the concrete is due to (1) the excellent quality 
of the aggregates, (2) the low water-cement ratio, (3) 
thorough consolidation by tamping and vibration of a 
very dry mixture with a maximum aggregate size of about 
1 in., (4) thorough curing, and (5) the comparatively mild 
climate. The effect of the cement is not clear. German 
cements were definitely inferior as judged by modern 
American standards. Whether they were actually 
inferior remains to be seen. 

As the result of their survey the authors recommend that 
steps be taken to initiate a comprehensive program of 
research on each of the following subjects: 

1. A program to study the possibility of insuring greater 
uniformity in concrete for pavements by reducing the 
maximum size of the coarse aggregate. 

2. A program to develop more effective methods of com- 
pacting concrete in pavements by mechanical means, such 
as vibration, tamping, etc. . 

3. A program to study the effects of variations in the 
chemical composition of cements and the methods of manu- 
facturing cements on the properties of concrete. Work 
of this nature should be carried out by the manufacturers 
and might well be accomplished by an extension of the 
present program of the Long-Time Study to cover these 
variables. 


% CONCRETE DETERIORATION IN 

el =P 
RUTH D. TERZAGHI—June 1948, pp. 977-1008 (V. 44) 
Price 60 cents. 


Concrete in the gate structure of a large submerged 
shipway in the southeastern United States began to dete- 
riorate two years after construction was completed. The 
defects included abnormally low strength of some of the 
concrete and numerous cracks which became progressively 
wider. An investigation of the cause of deterioration, 
begun at this time, included microscopic examination and 
chemical analyses of core specimens, chemical analyses 
of specimens of water issuing from relief pipes in the pier, 
frequent crack surveys, periodic measurement of change 
of length of the pier and change of width of two 
of the chief cracks, and compression tests on selected 
core specimens. On the basis of the data obtained by 
these various methods, it was concluded that detrimental 
processes of two types are taking place in the concrete. 
One of these causes expansion of the central part of 
the pier and thus leads to cracking at the pier surface. 
This process is ascribed to a reaction between hydrated 
cement and sulphates and/or other substances normally 
present in sea water. The other process produces a 
local softening or even complete disintegration of the 
concrete. It appears to be due chiefly to a chemical 
reaction between the paste and carbon dioxide which is 
present in unusually high concentration in the water 
percolating through the structure. 


EFFECT OF VARIOUS COARSE 
AGGREGATES UPON THE CEMENT- 
AGGREGATE REACTION..........44-41 


C. H. SCHOLER and W. E. GIBSON—June 1948, pp. 
1009-1032 (V. 44) 


Concrete made with native Kansas sand-gravel (an 
aggregate containing little coarse material) began, about 
1930, to show abnormal expansion, map cracking and loss 
in flexural strength. Tests were made by the Engineering 
Experiment Station at Kansas State College, in cooperation 
with several other agencies, to determine the causes of 
and prescribe cures for this condition. Concrete samples 


were made with 24 different cements using two trouble- 
making aggregates and were submitted to varying ex- 
posure tests. It was found that deterioration varied with 
the different cements, but there was no consistent relation 
between cement composition and extent of deterioration. 
Hence it was concluded that the cement-aggregate 
reaction causing deterioration was no} primarily an 
alkali-aggregate reaction. Extensive tests on concrete 
made of sand-gravel combined with some coarser aggre- 
gates indicate reduced expansions and less tendency 
toward deterioration. Addition of 25 percent or more 
(by weight) coarse limestone is adequate to secure satis- 
factory service; for coarse aggregate such as Lincoln 
sandstone, as much as 40 percent may be required. 


EVALUATION OF AGGREGATE 
PERFORMANCE IN PAVEMENT 
CRIME GEs cent cn cess ccccnssnn ces 9 eSGe 


H. S. SWEET and K. B. WOODS—June 1948, pp. 1033- 
1040 (V, 44) 


This paper consists essentially of a review of published 
information on aggregate as a variable influencing the 
durability characteristics of portland cement concrete. 
he paper covers the evaluation techniques which have 
been used in field performance studies, particularly with 
respect to isolating the causes of the performance. Some 
emphasis has been placed upon such studies made in 
Indiana where it has been found that many miles of 
concrete pavements have deteriorated when certain coarse 
aggregates were used regardless of other variables, such 
as cement, fine aggregate, traffic, etc. In contrast, many 
more miles of Indiana pavements, constructed with other 
coarse aggregates, are in excellent condition after as many 
as 20 years of service. The paper mentions but does not 
treat the reactions between high alkali cements and 
certain aggregates. It is concluded that aggregate 
acceptance tests in common use are not adequate to 
differentiate between good and bad aggregate materials. 


LABORATORY MEASUREMENTS 
OF STRESS DISTRIBUTION IN 
REINFORCING STEEL...............44-43 


DOUGLAS McHENRY and W. T. WALKER—June 1948, 
pp. 1041-1056 (V. 44) 


The SR-4 strain gage, an electrical device somewhat 
smaller than a postage stamp and scarcely any thicker, 
has been used successfully to measure stresses in rein- 
forcing steel embedded in concrete. The paper gives 
typical laboratory test results on the stress distribution 
along the steel of simple reinforced beams before and 
after cracking, and compares these results with the stresses 
computed by conventional methods. Attention is called 
to some of the many possible applications of this gaging 
method as well as to its limitations. The method of attaching 
and waterproofing the gages is described in an appendix. 





This issue, No. 10, June, completes 
ACI JourNat V. 19 
and 


Proceedings V. 44 


These synopses now cover the en- 
tire volume year. Discussion wil! 
be published in the Dec. 1948 is- 
sue, Part 2. 


Journal V. 20 begins with the 
eptember issue. 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists, 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute 
is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 
the combined membership effort. Individually and through com- 
mittees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 
inning 1929 the Proceedings have first appeared periodically in 
the ournal of the American Concrete Institute and in many separate 


publications. 


For information about ACI Membership and Publications write to: 


AMERICAN CONCRETE INSTITUTE 
New Center Building, Detroit 2, Michigan 
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Unloading and Conveying 
Pulverized Materials From 
Box and Hopper-Bottom Cars 


Fuller-Kinyon Stationary Pumps are being used for unloading 
from both box and hopper-bottom cars, through a simple 
arrangement. 


The installation shown by the drawing is used for handling 
asphalt filler dust. Portland cement and other materials are 
being handled in similar installations. 
When unloading hopper-bottom cars, 
the regular installation is used. When 
unloading box cars, either a perma- ey ff 
nently attached or portable spout is ; ; L 
provided, and material plowed or shov- iS nel nails 5 
eled into it through the door. This 
spout discharges to a reclaiming spout | | 
from the storage bin to the Fuller- | i alk lec 
Kinyon Pump underneath the tracks. 
The pump conveys to the storage bin, 





direct to process, or from bin to process. WZ | | 
A Fuller Rotary Single-stage Com- \W V 
pressor supplies air for the conveying | } | 
system, capacity 190 c.f.m., 25-lb. maxi- IN ) 













mum operating pressure. 


/ TO PROCESS 
/ BIN, 140 FT. —> 


FULLER 
ROTARY 
VALVE 


BOX CAR 
UNLOADING SPOUT 








FULLER ROTARY 
SINGLE-STAGE 
COMPRESSOR 





| 
FLEXIBLE B 


\ 
ONNECTION \ 
. i 




















P-98 


FULLER COMPANY 


CATASAUQUA, PENNSYLVANIA 


CHICAGO 3 SAN FRANCISCO 4 
120 So. LaSalle St. 420 Chancery Bldg. 
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DISCUSSION 


Discussion closed 


Sept. Jl. '47 
Building Code Requirements for Reinforced Concrete (ACI 318-47) 
—Report of ACI Committee 318 
The Five-Year Temperature Record of a Thin Concrete Dam—S. D. Burks 
Oct. Ji. °47 


Cement-Aggregate Reaction in Concrete—Duncan McConnell, Richard C. Mielenz, 
William Y. Holland and Kenneth T. Greene 


Crack Control in Portland Cement Plaster Panels—Bert A. Hall 
Deterioration of Concrete in Brine Storage Tanks—Inge Lyse 
Effect of Gypsum Content and Other Factors on Shrinkage of Concrete Prisms—Gerald 


Pickett 
Nov. Jl. '47 
Protection of Electric Strain Gages in Concrete—Robert H. Sherlock and Adil Belgin 


Chemical Test for the Reactivity of Aggregates with Cement Alkalies; Chemical Processes 
" A arse Aggregate Reaction—Richard C. Mielenz, Kenneth T. Greene and Elton 
. Benton 


Analysis of Two-Column Symmetrical Bents and Vierendeel Trusses Having Parallel and 
Equal Chords— John E. Goldberg 


Plastic Flow of Thin Reinforced Concrete Slabs—George W. Washa 


Dec. Jl. ‘47 
Precasting Concrete Pipe for the San Diego Aqueduct—D. K. Woodin 


Strength and Slip Under Load of Bent-Bar Anchorages and Straight Embedments in Haydite 
Concrete—C. C. Fishburn 


Proposed Recommended Practice for Winter Concreting Methods—Report of ACI Commit- 


tee 604 
Jan. Jl. '48 
Economy in Structural Design—!. E. Morris 


Study of Causes and Prevention of Staining and Pop-Outs in Cinder Concrete—S. G. Seaton 
Concrete Making in China—John S. Cotton 


Design of Rectangular Tied Columns Subject to Bending with Steel in All Faces— 
D. R. Cervin 
Feb. Jl. '48 
Prevention of Dampness in Basements—Cyrus C. Fishburn 


— of the Development of Reinforced Concrete and the Study of Bond—Arthur 
. Clar 


Long-Time Study of Cement Performance in Concrete, Chapter 1—History and Scope— 
F. R. McMillan and I. L. Tyler 


Analysis of Normal Stresses in Reinforced Concrete Sections under Symmetrical Bending 
—Michel Bakhoum 


Creep of Steel and Concrete in Relation to Prestressed Concrete—Gustave Magnel 


Discussion closes July 1, 1948 

March Jl. '48 
Repairing Concrete Hydraulic Structures—Claude Gliddon 
Bond and Anchorage—1. D. Mylrea 


Long-Time Study of Cement Performance in Concrete, Chapter 2—Manufacture of the 
Test Cements—F. R. McMillan and W. C. Hansen 


Continued on p. 34 
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Discussion continued from p. 33 
Discussion closes August 1, 1948 


President's Address—Stanton Walker 


Effect of Carbon Black and Black Iron Oxide on the Air Content and Durability of Con- 
crete—Thomas G. Taylor 


Aggregate Reaction with Cement Alkalies—Willard H. Parsons and Herbert Insley 

Restoration of Barker Dam—Raymond E. Davis, E. Clinton Jansen and W. T. Neelands 

“——— Stresses in Reinforced Concrete Sections Under Unsymmetrical Bending —-Michel 

akhoum 

Progress With Concrete, 1923-1948—A symposium with contributions by Waldo G. Bow- 
man, P. H. Bates, J. C. Pearson, Roy W. Crum, Frank E. Richart and Roderick B. Young 

Long-Time Study of Cement Performance in Concrete, Chapter 3—Chemical and Physical 
Tests of the Cement—William Lerch and C. L. Ford 


April Jl. '48 


Discussion closes September 1, 1948 


Prefabricated Pumice Concrete Houses—H. L. Mathews 
Development of Tilt-Up Construction—C. A. Clark 


Durability of Concrete Exposed to Sea Water and Alkali Soils—California Experience 
—Thomas E. Stanton 


Thermal Insulation of Concrete Homes—Arsthur Stone 


Long-Time Study of Cement Performance in Concrete, Chapter 4—Microscopical Study of 
Clinkers—L. S. Brown 


May Jl. '48 


June Jl. '48 
Concrete Pavements on the German Autobahnen—F. H. Jackson and Harold Allen 
Concrete Deterioration in a Shipway—Ruth D. Terzaghi 


Effect of Various Coarse Aggregates Upon the Cement-Aggregate Reaction —C. H. 
Scholer and W. E. Gibson 


Evaluation of Aggregate Performance in Pavement Concrete H. S. Sweet and K. B. Woods 


Laboratory Measurements of Stress Distribution in Reinforcing Steel_—Douglas McHenry 
and W. T. Walker 























| INDEX TO Proceedings 
AMERICAN CONCRETE INSTITUTE 


VOLUME 44—1948 





From JouRNAL OF THE AMERICAN CoNncCRETE INstITUTE, Vol. 19 Sept. 1947, 
to June 1948 and Part 2, December 1948 





Original contributions to the JouRNAL OF THE AMER- 
ICAN CONCRETE INSTITUTE—pDapers, reports and discus- 
sions—-are indexed in three categories; 


ee .. Ye Contraction Joint Grouting of Large 

Dams (43-21) A. Warren Simonds Feb. 
Dea kn) @ 5.0 mbt ki eae een 673 

Abeles, Paul William—Disc. Analysis and 

a Author ceess Design of Elementary Prestressed Concrete 
Members (43-4) June 1947 ..........000- 88-1 

3. Subject es te Dust prevention methods—Floor tests 
Ge Aes PRs a d.0nsesrnnecasvenhees 181 


Numbers in parentheses with each entry constitute 
the title number of the article. The bold face portion 
indicates the number of the Proceedings volume (in this 
case 43) in which the topic appears. The month and year 
indicate the JoURNAL issue. Page numbers of both Pro- 
ceedings and JOURNAL are the same. 


Job Problems and Practice items include “JPP” in the 
parentheses: Construction — Frame vs. wall bearing 
Gore ones BOM, ROGT 6 occ ccaccveeveae 606 


again the bold face number is the Proceedings volume 
number. 


The index to Current Reviews published in this volume 
begins on p. 1091. 





(1073) 
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Absorption — Affected by waterproofing 
agents (JPP-44-185) Sept. 1947.......... 


Accelerators — Recommended practice for 
winter concreting (44-13) Dec. 1947...... 
ACI 
—Committee organization (44-27) April 1948 
—Journal—Policies (44-27) April 1948...... 
-Journal—Status and standards (44-27) 
ERE cag base's bac ihe neues dee 
-Nineteenth annual convention (44-14) 
a RA, Sa igi 
-Staff organization (44-27) April 1948... ... 
~-Standards — General observations (44-27) 
Ne aes ee Sec hes baan a 
Acid treatment—Cinder aggregate (44-16) 
NS a Wath 6 05.5%. 05:5 8%) cable's, 
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Current ACI Standards 
(As of December, 1948) 


Listed below are ACI standards in effect at the time the closing 
portions of Proceedings V. 44 are published in the ACI JouRNAL, Part 2 
December 1948: 


Manual of Standard Practice for Detailing Reinforced Concrete 

Structures (ACI 315-48). 
Not adaptable to Journal presentation, this is a separate publication of large 
format bound to lie flat. It presents typical engineering and placing drawings 
with discussion calling attention to important considerations in designing practice. 
55 pages, $3.00; to ACI Members $1.75 (Distributed to ACI Members in July 
1946). Adopted as a Standard of the American Concrete Institute at its 44th 
Annual Convention, February 25, 1948; ratified by letter ballot June 29, 1948. 


Recommended Practice for Winter Concreting Methods (ACI 604-48). 


ACI Journat, Sept. 1948, Proc. V. 45, pp. 1-20. In separate covers $0.50; to 
ACI Members $0.40. 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 


ACI Journat, Sept. 1947, Proc. V. 44, pp. 1-64. In separate covers $0.50; to 
ACI Members $0.40. 


Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46) 


ACI Journat, Oct. 1946, Proc. V. 43, pp. 133-148. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for the Construction of Concrete Farm Silos 
(ACI 714-46) 


ACI Journat, Oct. 1946, Proc. V. 43, pp. 149-164. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for the Design of Concrete Mixes (ACI 613-44) 


ACI Journat, June 1945, Proc. V. 41, pp. 651-672. In separate covers $0.50; to 
ACI Members $0.40. Also available in a Spanish edition: ‘“Normas Practicas 
Recomendadas Por el ACI Para Proyectar Mezclas de Hormigon (ACI 613-44).”’ 
In separate covers $0.50. 


Specifications for Cast Stone (ACI 704-44). 
ACI Journat, June 1945, Proc. V. 41, pp. 701-704. In separate prints $0.35. 


(Continued on p. 1098) 
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Specifications for Concrete Pavements and} Bases (ACI 617-44). 


ACI Journat, June 1945, Proc. V. 41, pp. 673-700. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for Measuring, Mixing and Placing Concrete 
(ACI 614-42). 
ACI Journat, June 1945, Proc. V. 41,"pp. 625-650. In separate covers $0.50; to 


ACI Members $0.40. 


Recommended Practice for the Use of Metal Supports for Reinforce- 
ment (ACI 319-42). 


ACI Journat, June 1945, Proc. V. 41, pp. 621-624. In separate prints $0.35. 


Recent Proposed ACI Standards 
(As of December, 1948) 


Listed below are proposed ACI]Standards which have not yet been 
adopted by the Institute. They have been published for information 
and for discussion before being presented to the Institute membership 
for adoption: 


The Nature of Portland Cement Paints and Proposed Recommended 
Practice for Their Application to Concrete Surfaces. 


Reported by Committee 616, ACI Journat, June 1942, Proc. V. 38, pp. 485-504. 
In separate prints $0.35. 


ie — . . 
Proposed Recommended Stresses for,Unreinforced Concrete. 


Reported by Committee 322, ACI Journat, Nov. 1942, Proc. V. 39, pp. 93-96. 
In separate prints $0.35. 











